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PREFACE 


The work was perforated by the General Electric aircraft Engine Business Group 
located in Evendale, Ohio. This CF6 Jet Engine Diagnostics Program was con- 
ducted for the National Aeronautics and Space Administration Lewis Research 
Center, Cleveland, Ohio. The NASA Project Engineers for this program were 
Robert Dengler and Charles M. Mehalic. 

The General Electric Company would like to express its appreciation to American 
Airlines for their cooperation in supplying CF6-6D ESN 451507 for use in this 
program; and to the Douglas Aircraft Company for data supplied. 

The requirements of NASA Policy Directive NPD 2220.4 (September 14, 1970) re- 
garding the use of SI Units have been waived in accordance with the provisions 
of paragraph 5d of that Directive by the Director of Levis Research Center. 
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I . 0 SUMMARY 


This report summarizes the efforts to quantify the extent and magnitude of 
short-term performance deterioration of the General Electric CF6- 6D engine* 
These efforts included the analysis of cruise cockpit recordings for a large 
sample of engines along with inbound test-cell and analytical teardown data 
for a selected engine. Short-term deterioration has been defined as those 
losses that occur during the aircraft /engine checkout flights prior to cus- 
tomer delivery and initiation of revenue service. The other major area of 
engine deterioration - long-term - is defined as those losses that occur dur- 
ing revenue service. 

An analysis of initial checkout flight cruise data for 82 CF6-6D engines indi- 
cated that the average short-term deterioration in cruise fuel burn was 0.9 
percent. While this loss is real and nonreversible, little additional loss 
occurs during subsequent aircraft checkout flights and during the first sev- 
eral hundred hours of revenue service. 

To supplement and substantiate the 82-engine sample, CF6-6D production engine 
serial number (ESN) 451507 was removed immediately following all checkout 
flights of DC-10-10 aircraft, fuselage number (F/N) 250. After receiving an 
inbound performance calibration run, the engine underwent an analytical dis- 
assembly and detailed inspection of all its modules and parts to document the 
performance deterioration modes. 

The short-term performance losses measured for ESN 451507 agreed well with the 
82-engine average. Additional analysis substantiated that ESN 451507 was a 
representative CF6-6D model engine, thereby validating that the short-term 
hardware inspection results are typical of the CF6-6D fleet. These results 
indicate that approximately 90 percent of the assessed loss results from high 
pressure turbine deterioration caused by rubs between the blade tips and 
static shrouds. No other significant deterioration mode was identified. 

Finally, short-term performance deterioration data obtained from other 
sources, most notably supplementary hardware data and additional test cell 
exults, are presented to substantiate the short-term performance results. 
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2.0 INTRODUCTION 


The recent energy demand has outpaced domestic fuel supplies, increasing the 
dependence of the United States on foreign oil. This increased dependence 
was accentuated by the OPEC embargo in the winter of 1973/74 which triggered 
a rapid rise in the price of fuel. This rise, along with the potential for 
further increases, brought about a set of changing economic circumstances with 
regard to the use of energy. These events were felt in all sectors of the 
transportation industry, including the air transport industry. As a result, 
the Government, with the support of the aviation industry, has initiated pro- 
grams aimed at both the supply and the demand aspects of the problem. The 
supply problem is being investigated by determining the fuel availability from 
new sources such as coal and oil shale, with concurrent programs in place to 
develop engine combustor and fuel systems to accept these broader-based fuels. 

Reducing fuel consumption is the approach being used to decrease fuel demand. 
Accordingly, NASA is sponsoring the Aircraft Energy Efficient (ACEE) program, 
directed toward reducing the fuel consumption of commercial air transports. 

The long-range propulsion effort to reduce fuel consumption is expected to 
evolve new technology that would permit the development of a more energy effi- 
cient turbofan, or the use of an improved propulsion cycle such as that used 
for turboprops. Studies have indicated that either approach could yield large 
reductions in fuel usage - as great as 15 to 40 percent for turboprops. But 
a significant impact in fuel usage is considered to be fifteen or more years 
away. In the near term, the only practical propulsion approach is to improve 
the fuel efficiency of current engines because these engines will continue to 
be the most significant users of aircraft fuel for the next 15 or 20 years. 

Within the ACEE program, the Engine Component Improvement (ECI) program is 
the element directed toward improving the fuel efficiency of current engines. 
The ECI program consists of two parts: (1) Performance Improvement, and 

(2) Engine Diagnostics. The Performance Improvement program is directed 
toward developing component performance improvements and improved performance 
retention for new production and retrofit engines. The Engine Diagnostics 
effort is to provide information to identify the sources and causes of engine 
deterioration. 


OBJECTIVES 


As part of the Engine Diagnostic effort, NASA-Lewis initiated a program with 
the General Electric Company to conduct performance deterioration studies for 
the CF6-6D and CF6-50 engines. The basic objectives of the program were 
(1) to determine the specific causes of engine deterioration that increase 
fuel burn, (2) to isolate short-term losses from the longer-term losses, and 
k ~>) to identify potential ways to minimize deterioration. This report covers 
the results of an investigation of the CF6-6D short-term losses. The remain- 
ing results for the CF6-6D and CF6-50 model engines will be presented in sepa- 
rate reports. 


APPROACH 
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APPARATUS AND PROCEDURES 


3.1 ENGINE DESCRIPTION 

The CF6-6D engine model was type-certificated on September 16, 1970, and was 
introduced into revenue service in mid 1971. This engine model, which has 
a 40,000-pound ideal thrust takeoff rating, is in use by six of the seven 
DC-10-I0 aircraft operators. An updated version of the CF6-6D model with a 
41,000 pound ideal thrust takeoff rating, termed the CF6-D1, is currently 
being used by one operator. 

The CF6-6D engine is a dual-rotor, high-bypass-ratio (5.6 to 5.8:1) turbofan 
engine expressly designed for airline operation. The ^ow-pressure system con- 
sists of a two-stage front fan connected to a five-stage low-pressure turbine 
by a fan midshaft passing through the core engine. The first-stage fan rotor 
blades incorporate a part— span shroud, while the second- or quarter— s tage fan 
supercharges the high pressure compressor. Fixed stator vanes are mounted be- 
hind both stages of the fan rotor. The low pressure turbine consists of a 
five-stage rotor that has low-t ip-speed, high-aspect-ratio shrouded blades. 
Fixed stator vanes are located in front of each low pressure turbine rotor 
stage. 

The high pressure gas generator or core engine consists of the high pressure 
compressor, the combustor, and the high pressure turbine. The HP compressor 
is a 16-stage, high— pressure— rat io (approximately 16:1), axial-flow design. 

The inlet guide vanes and the first six stator-vane stages are variable. The 
compressor provides bleed air for hot-section cooling along with airframe 
pressurizing and anti-icing air. The annular combustor contains 30 duplex 
fuel nozzles and two ignition plugs. The two-stage HP turbine is air cooled 
with nonsht ouded blades and cooling/purge features for tip clearance control. 
Fixed convection cooled stator vanes are provided upstream of two HPT rotor 
stages, with the Stage 1 vanes also incorporating film cooling. 

The four main support structures are: the fan frame, the compressor rear 

frame, the turbine midframe, and the turbine rear frame. These frames in- 
clude mountings for the bearings, service tubes for lube supply and scavenge, 
and air pressurization and venting for the four internal sumps. The acces- 
sory drive section extracts energy from the high-speed rotor to (1) drive the 
engine-mount ed accessories, (2) provide core engine speed signal, and (3) pro- 
vide pods to mount the aircraft-supplied hydraulic pumps, constant-speed drive, 
and alternator. 

A cross section of the CF6-6D model engine is presented as Figure 3-1. 

.lie engine selected for this short-time performance deterioration investi- 
gation was CF6-6D engine ESN 451507. This engine is typical of those shipped 
in the September 1977 time period, and was chosen primarily because of its 
availability for this program. American Airlines (AAL) expressed an interest 
n participating in the CF6 Jet Engine Diagnostics Program efforts and con- 
sented to remove CF6-6D ESN 451507 from DC-10-10 aircraft fuselage number 


i 




rl 50 1 f ° 11 ° wing f Ught-acceptance tests and prior to initiation of revenue 
e. The engine was returned, as a ready spare, to AAL following the 
completion of the short-term performance deterioration investigation. 


3.2 TEST FACILITIES 


This section of the report describes 
system, and instrumentation utilized 


the test facilities, data acquisition 
for the special test engine. 


3-2.1 EVENDALE PRODUCTION CF6 TEST CELLS 

The General Electric CF-6 Production Engine Test Facility, (Figure 3-2) is 
ocated in Evendale, Ohio. It consists of two cells, M34 and M35, separated 
/a common access aisle (the engine prep area) on the lower level (Figure 
3-3) and by a control room (Figure 3-4) on the second level. Auxiliary equip- 
A rLr°f b 3re l 0 Ca J ed fore and aft of the control room and above the cells. 

nT eqU T C C^ ed r °° m is located at the rear of the access aisle. 

-e cells, each J 0 feet wide by 20 feet high by 188 feet in overall length 

throuvh riZ ? nCal 31r inl6tS ^ vertical exhaust systems. Engine access is 
through a large, vacuum-sealed door in the side wall of the cell. Figure 3-5 

shows a typical test engine installation in one of the cells. 

Each cell is equipped with: 


• An air intake system 

• An exhaust gas system 

• A fuel system 

• Lube oil and hydraulic oil fill systems 

• An air system for engine smarting 

• A CO 2 fire extinguishing system 

• 24-volt DC and 400-cycle electrical power packages 

• Automatic data handling equipment 

• Display instrumentation for airflow, fuel flow, thrust, oil con 

sumption, vibrations, pressures, and temperatures 

• Special instrumentation wiring for high speed recorders 

• Other high accuracy equipment used for transient and dynamic 
measurements 
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■*' 2,2 ASO/ONTARIO test oft r 


The ASO/Ontario CF6 test cell f n 
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a " d M35 ' ceU inlet consists of f endala induction cel “”4 
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screen. The CF6 lightweight be mouth is ! " ' aC ° UStic panels a "d FOD 
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instrumentation 


DESCRIPTION 
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igure 3 /. CF6 Engine Installed in Ontario Test Cell 



Figure 3-8. CF6 Facility Control Room, Ontario. 
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igure 3 9. CF6-6D Performance Instrumentati 
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metrTc - furFTneTTowmeter? C1 ^ ltP e ” 8l " e fuel £lo “ ■•Mured on a volu- 
fjjgSjfe en8ine f “ el £ >°“"™ on 

temperature measured at 

^mauT lolde^by 1 rake ) 8 1 oca ted ^ i \h°“ r P £ tot-st,tic rakes 

fan face. Rake Part No. (OT) 

&ndi“d a ::;iy P rUc'a r :erin- 1 tH~e f e°: r - 6 -^T nt «*« rakes 

fan face. Hake P/N 4013034-682G01 and ” 8 2mJT»o e^c”"" th ' 

^ j^ample Specific Cra.ity (SCSANP) - Specific gravity of the fuel 

g.X5;;r:,S ,: Fual sampie ^ 

valua ° f - 

load^eli? '" ' IhtUSt fr *“ “ l * 1 £ ~« 
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measured using a 










• Compressor Discharge Temperature (T3) - Five-element C-A thermo- 
couple rake measured individually. Rake P/N 4012403-847G01. 

• Compressor Discharge Static Pressure (PS3) - Wall static located in 
a combustor borescope port. 

w LP Turbine Inlet Total Pressure (P49) — Five four-element probes 
manifolded by probe. Probe P/N 9554M54G06. 

• Variable Stator Position (VSV) - LVDT readout measured on a 0 to 5- 
volt scale. 


RANGES AND ACCURACIES 


Table 3-1 summarizes the range requirements and instrumentation accuracies for 
the test-cell instrumentation described in the previous section. The accura- 
cies quoted are 2a values (i.e. , 95 percent confidence limits). 


3.4 PROCEDURE 


The Short-Term Performance Deterioration Program, utilizing ESN 451507, con- 
sisted of an Evendale Production Acceptance Test, a DACo DC-10 Aircraft/Engine 
Acceptance Test, an ASO/Ontario Inbound Test, and an Analytical Teardown/ 
Reassembly. 


3-4.1 PRODUCTION ACCEPTANCE TEST 

The Evendale Production Acceptance Test verifies that the engine can be safely 
operated to takeoff power without exceeding certified redlines while achieving 
guaranteed performance levels. The test includes a 

• Seal break-in run and functional test to check variable stator vanes 
(VSV's) and engine vibrations. 

• A performance test to measure component levels and overall engine 
performance parameters. The test included the reading and record- 
ing of the performance parameters described in Section 3.3. 


3.4.2 AIRCRAFT ACCEPTANCE TEST 


After extensive aircraft/engine ground testing, the DC-10-10 aircraft under- 
goes the initial acceptance test flight. The segments of this flight are pre- 
sented schematically in Figure 3-13. After normal takeoff and climb to medium 
altitude, a number of system checks are conducted, including an airplane stall 
check which produces large excursions in engine power. These checks are fol- 
lowed by a climb to high altitude, during which acceleration checks from flight 
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able 3-1. Instrumentation Ranges and Accuracies. 


Parameter 

Range 

PBAR 

28 to 31-in. Hg. 

HUM 

0 to 200 grains 

T2 

-10 to 110* F 

PT2 

0 to -10 in. H 2 0 

PS2 

0 to -85 in. H 2 0 

N1 

0 to 4200 rpm 

N2 

0 to 11,000 rpm 

EGT 

0 to 2000* F 


WFM 

0 to 70 gpm 

0.5Z of reading 

WFV 

0 to 70 gpm 

0.5% of reading 

TF 

*10 to 110* F 

2* F 

SGSAMP 

0.7 to 0.8 

0.1 5% of reading 



TSAMP 

“10* to no* 

1* F 

LHV 

18,000 to 19,000 Btu/lb 

0.3Z of reading 

FG 

0 to 50,000 lb 

0.5% of reading 

T3 

0 to 1200* F 

10* F 

PS3 

0 to 500 psig 

0.5% of reading 

P49 

0 to 100 psig 

0.5% of reading 

VSV 

0 to 5 vo 1 1 8 

, 



Will be discussed later.) Stabilized cruise rpr rotor . rebu «ts" which 

establish the short-term deterioration a *,«. ? rdlng8 > which are used to 
altitude - typically °Mdit£ u r re f ching 

system checks are then oerformpH If ■' Addltlonal acceleration and 
and relight for eachengLedu'Lga^ft T*™ f< \ 1Wd * * sb ^own 
i»8 the initial flight includes sever. ll *PPtoach operation dur- 

o.ted with a landing 8 utiuJ^fSTJ^JE?- ^ the fH8ht ** “™t- 

3 4.3 INBOUND TEST 

The ASO/Ontario Inbound Test estahl iah»o .. 

relative to the as-shipped performance h ' P® r£or “«nce level of the engine 
3.4.1). The inbound test incLde, . ““ “ Eve,,dala S «tio„ 

well as to assire°that C the a I la ^ U sta J ors and '"sine vibration as 
off power at tha an8ln ' co “ Id ■>• S4fel y operated at t2e- 

performance parameters ^Th^i^^ 0 " 6 ”! lavels and overall engine 
corded is the same ^ “ r ' ad aad 

Acceptance Test (Section 3.4.1). d during the Production 


3,4,4 analytical TEARDQWN AND REASSEMBLY 


spection of the engine modules as they were ^ing' d *“ nSlonal and visual in- 
tion was given to the three major souJces ofl? disassembled. Special atten- 
ances, decreased airfoil quality, and leakages 1 ? creased cl ^~ 
used in conjunction with hardware influent? Z' ff inspection results were 
oration mechanisms and assign a fupl h a coe f f lcients to isolate the deteri- 

Influenc coefficients are empirics ,i det ? ri ° ration level to each source 

equate a change in hardware condition vilh™*?** 1 * 7 faCtor3 which 

ait ion with a change in component performance. 
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0 RESULTS and discussion 

The detailed results , 

cruise and test cell Perfom!ance°l-esul ts '_! et! ' r ‘ or '’ t ‘on »tudies included 
enr.,„es and assosscents „f sl,.,r t - t e^ “f? tha " 80 CTO-*® production 

oration assessments uere leased nrimnrilv T’" “"chanisms. Tliese deteri- 

f rom Ml 45,507 as Kll as —its 

1 PERFORMANCE results 

Two sources of performance data were avail , 

s ort term deterioration. The first source * ° T the lnvest igat ion of CF6-6D 
cockpit measurements which are routinelv co " sls ted of cruise performance 
C-10-10 checkout/acceptance flight These 00 ^ 6 ^^ DAC ° durin 8 each initial 
engines delivered to the aiding „e^ K-iodO * v * iUI>l * «U 

analyzed for all engines beginning with ESN IJwS/ 1 '? 13 ? 68 * and data were 
ments for engine durability considerations 1 514 ° 6 * * Ma J or product improve- 
startin 8 wi th ESN 451406 These^r 6en lntroduced into produc- 
11 CF6-6D engines and this vintage eneine i * haV6 been ret — fitted into 

revenue service configuration.) The secon / re P rese ntative of the current 
° ESN 451507 and one other CF6-6D engine after^ ^° nsisted of inbound tests 
checkout flights but prior to entry info ™ undergoing a irplane/engine 

tested inbound specifically as part of this^ t!^ C Left? g atJon! W 

checkout 6 f light € was the initial airplane 

the inbound test results were used to avera 8 e short-term loss. Moreover 
-suit of real, nonreversibU de L rlrTtZ-^ the l0SSes — thT ’ 

assessment of the cruise checkout data h P if father, to substantiate the 
engines was also examined to determined deterioration of new spare 

were related to the airplane checZf nrocel ° f the sh °rt-term losses 

eterioration assessments were based on the' ' 1,1 al1 instances, 

the results will be presented herein as cruiZ . individual e "gines and 

cruise levels unless otherwise noted 


4.1.1 


CRUISE PERFORMANCE TRENDS 


out te ^ob a DC-10-10 d a ircraf t ^incluie^bot/ 0 ' 18 the first check ~ 

- 8ht 

fan speed ( N 1 ) , an d core speed (N2) wliil ’ . 1 xtiaust gas temperatur? (ECT, 
tude, Mach number, and ambLnt emnerat e" ‘T ^ C ° nditiona included alti- 
deter lorat ion , it was necessary to comnafe'H * C ° a88eM Performance 

altitude with measurements of uninstallel cruise meas urements at 

obtained during the engine production accep^J^st i^ HC Perf ° rmance da ^ a 
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Prior efforts had indicated that a reasonable correlation of EGT measurements 
was possible between production acceptance test cell levels and intial cruise 
readings. This correlation was derived by separately establishing the rela- 
tion of each (test cell and cruise EGT measurements) to a common reference 
temperature, namely the maximum EGT certified for the CF6-6D. Beth test cell 
and cruise EGT's were independently projected co hot-day (30° C) transient 
takeoff conditions (in order to yield maximum expected temperatures) and com- 
pared to the certified maximum EGT to determine the respective EGT margins. 
These projections were based on previous experience, including comparisons of 
actual takeoff data with cruise readings for various engine fan speeds and 
airplane conditions. Direct comparisons between test cell and cruise EGT 
margins were then used to identify changes in performance. This correlation 
between test cell and cruise temperatures was developed primarily because of 
the historic interest in EGT as an indication of engine health; experience 
indicates it produces acceptable results. 

However, comparisons of fuel flow between test cell and cruise measurements 
have been very difficult; a suitable correlation procedure has not been 
accurately developed. Experience has shown that cruise fuel flow levels 
have been useful primarily to trend changes with time; absolute levels have 
been less consistent than EGT measurments. Several conditions are known to 
contribute to the greater inconsistencies of fuel flow compared with those 
of EGT measurments. First, small differences in core exhaust nozzle area 
that exist between the individual thrust reversers or fixed nozzles can 
produce large changes in fuel flow but small changes in EGT. Similarly, 
changes in thrust as the engine deteriorates produce relatively large changes 
in fuel flow with smaller changes in EGT. 

Based on these considerations, the procedure used to establish short-term 
fuel burn deterioration was to determine the change in EGT margin between 
test cell and initial cruise measurments. The corresponding change in fuel 
flow was then calculated from the delta temperature, using a computer cycle 
deck, engine derivatives, and component models. This fuel flow calculation 
procedure was substantiated with inbound test cell performance runs, where 
deterioration in both fuel flow and EGT can be more properly assessed. 


Analysis of Initial Flight EGT Measurements 


Cruise performance data recorded during initial DC-10-10 acceptance chekout 
flights were analyzed for 90 engines. These include all CF6-6D engines flown 
on initial DACo checkout flights between January 1974 and February 1978 
(engine serial numbers 451406 to 451512). Apparent measurement errors were 
noted for eight engines; their data were not considered. Analysis of the 
cockpit data for the remaining 82 engines have been summarized in terms of 
equivalent margins relative to the CF6-6D certified maximum EGT, as follows: 
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Average 

Std , Deviation 

Production EGT 

Margin 

45.3“ C 

8.8* C 

Checkout Flight 

EGT Margin 

31.2° C 

8.9° C 

Short-Term EGT 

Determination 

14.1“ C 

7.4“ C 


Thus, the deterioration manifested itself as a loss in EGT margin. As 
will be shown from comparisons of shipped to inbound test cell performance, 
this loss in EGT margin was real and not an installation effect. 


The assessment of deterioration was based on cruise measurements taken 
during stabilized cruise conditions after the airplane attained high alti- 
tude flight for the first time. Prior to these cockpit readings, the engines 
had undergone a series of ground checks, their first takeoff rotation, opera- 
tion at altitude, and in-flight systems tests. Some deterioration of engine 
performance would normally be expected during initial on-wing operation of 
the engine following the production test cell calibration run; however, 
neither factory test nor airline experience would support as much short-term 
deterioration as experienced during airplane acceptance testing. 

One checkout sequence not typically encountered during revenue service opera- 
tion was identified, however, that could contribute significantly to the short 
term deterioration. This sequence was the acceleration checks from flight 
idle to maximum climb power, during which the potential exists for a "hot 
rotor reburst." This was considered very significant since it is known that a 
hot rotor reburst - that is, rapid acceleration of the engine from low power 
with the engine still hot from previous operation at high power - can result 
in thermal closure of engine clearances, notably between high pressure turbine 
blade tip and shroud. Should a tip rub occur, turbine clearances would be 
increased, resulting in a loss of performance. Analysis of turbine hardware 
from ESN 451507 did indicate that significant tip rubs had occurred, thus 
indicating a potential cause for the observed short-term losses. 

Considering further the intial checkout EGT performance for the 82 engines, 

EGT data were examined to identify any apparent trends. While the confidence 
level in the first flight average deterioration was high, large engine-to- 
engine variations were observed. The EGT margins, relative to the maximum EGT 
level certified for the CF6-6D, are shown for these engines in Figure 4-1 was 
projected from production acceptance test cell measurements and initial- 
checkout flight readings. The same data are presented in Figure 4-2 which 
show loss of EGT margin (acceptance test cell margin minus initial flight 
cruise margin) as a function of test cell EGT margin. Statistical analysis 
indicated a tendency whereby the short-term deterioration varied from the 
average loss of 14* C as a function of the production test cell EGT margin 
(EGTM). Although not a strong trend, engines with better as-shipped produc- 
tion margin tended to deteriorate more during the airplane checkout, as shown 
in Figure 4-2. However, the significance of this trend was considered ques- 
tionable based on the degree to which it reduced the data scatter. 
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EGT Margin, Test Cell, ° c 

Figure 4-1. EGT Cruise Margin, - First Airplane/En 
flight. 


gine Checkout 








There are several measures of the quality for the statistical fit. The 
standard error of estimate (SEE) indicates the deviation about a fitted curve. 
This parameter is a measure of the data spread and is similar to a standard 
deviation but is the root-mean-square deviation about the curve fit instead of 
about the mean of the data. In this case, the SEE associated with the data- 
fit of EGTM loss was only slightly lower than the standard deviation (a) 
associated with the means of the data (2 SEE = 13.6 C versus 2<j - 14.8 C) ; 
thus, the derived trend did not significantly reduce the data scatter. 

Another measure of how well the statistical fit matches the data is provided 
by the coefficient of determination (R^), which is a numerical measure of 
the proportion of variation accounted for by the fit (where 100% indicates a 
perfect fit). The level indicated that only 17 percent of the variation in 
the data was accounted for by the linear fit of EGTM loss versus test— cell 
margin. 

Cruise performance levels of the two designated engines, ESN 451487 and 
451507, which were tested inbound, will be discussed later. 


Analysis of Multiple DACo Flight Data 

The DC-10 checkout procedure typically consists of three to four different 
flights, including an airline acceptance flight. The question arises whether 
additional short-term EGT margin losses are typically incurred during these 
later flights, or for that matter during the remainder of the first flight 
after the cruise performance measurements have been obtained. To answer this 
question, the first flight cruise performance was compared with successive 
DACo flight data and with early revenue service cruise trends for a limited 
number of engines. 


Multiple check flight cruise data were availble for 10 of the 82 engines. The 
EGT losses for these engines during DACo flight tests and early revenue ser 
vice are presented in Figure 4-3. The average of EGT margin for the seven 
engines for which cruise data from three DACo flights were obtained, were ^ 

15.7° C, 15.6° C, and 15.9° C, respectively - indicating that there was no * 

additional loss during the remainder of the aircraft checkout flights. Like- 
wise, no general trends of increasing EGT losses were evident from early 
revenue service cruise data for these 10 individual engines. 


Initial Revenue Service Data 

Airline trend data were available for 48 engines within about the first 300 
hours of revenue service operation, and these EGT levels were compared with 
the performance levels during the DACo initial aircraft checkout flight. The 
average EGT increase was about 2° C; these short-term losses of EGT cruise 
margin are shown versus production test cell EGT margin in Figure 4-4. While 
there were the expected engine-to-engine variations, one airline recorded 
average additional early revenue service losses of more than 6 C, which com- 
pared with less than a degree average change experienced by two other airlines 
as follows; 
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Number 

of 

Engines 

Average 

EGT 

Change 

Standard 
Deviat ion 

Airline "A" 

28 

-0.8° C 

8.4° C 

Airline "B" 

15 

+6.5° C 

8.2“ C 

Airline "C" 

5 

-0.6° C 

10.1“ C 


In general, there appears to be little additional sho^-t-term deterioration 
after the initial DACo checkout flight. Some variation was observed between 
the different airlines; but it is not certain whether these differences are 
real, due to the different operating procedures (such as dissimilar use of 
reduced-thrust takeoff), or only indicated, due to variations in cruise data 
reduction procedures. These differences were not considered to be of maior 
importance and did not warrant further investigations with the available 
information. 


Initial Loss For Spare Engines 

In an effort to verify the belief that significant short-term losses occur 
as a result of a specific, nonstandard revenue service operation during 
airplane checkout, data were analyzed for a limited number of new engines 
which entered revenue service without undergoing airplane checkout. These 
were 11 new CF6-6D spare engines (ESN 451406 and above) which was delivered 
directly to the airlines from the fa».jory, thus bypassing the DACo airplane 
checkout. 

The cruise EGT levels during early airline service were examined for the 

11 new spare engines. The average shore-term deterioration of these spare 

engines was found to be 9° C (o = 6° C) after an average of 351 hours of 

airline operation. This compared with an average 16° C loss of EGT margin 

during early revenue service as determined for the 48 engines which underwent * 

airplane checkout (shown in Figure 4-4). The average production test cell EGT 

margin for the eleven spare engines was 43° C while the early cruise EGT 

margin was 34 C, versus 44° C test cell EGT margin and 28* C early revenue 

service cruise EGT margin for the 48 engine sample. Thus 7* C additional 

deterioration was observed for engines undergoing airplane checkout. 

The spare engine EGT det erection of 9* C was about one-half of that recorded 
for the 48 engines which had undergone airplane checkout at approximately the 
same number of revenue service hours. While the spare engine sample size was 
small, the lower observed short-term EGT deterioration for these engines docs 
support the belief that nonrepresentative engine operation during the airplane 
checkout results in a significant amount of short-term loss. 
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Assessment of Fu el Burn From C ruise Data 

in EGT «»*' — to 

was utilized to assign the overal Woss^ ’ F r T COmP °? ent deterior f t ion model 
components (or modules). Engine - 1 a * h ^ margin to the various engine 

modules that equate unique fuel burn^f feet" for^ giy 11 ^^ f ° r . the individ nal 
The fuel burn equivalent to the total measured X “ EGT margin * 
sum of the fuel burn deltas calculatPH fl! ^ ?! g lo8S were ™erely the 

this method, the average loss of 14° c in the . lnd ^ dual components. Using 
engines was equivalent^ a “u^Lf “ 

service, as will be shown. 45007 prior to revenue 


4.1.2 


INBOUND TEST-CELL RESULTS 


bad not entered revenue service The a Ur ? r .f ai r P^ ane checkout procedure but 
demonstrate that short-tl^ri™ on J£ t. 

- T^tr- 

cruise fuel-burn rncrea.es from cruise EGT deteriorf?™ 

were ayailabirL^^es^'TOrf irst ES«‘*MWp”J , “ rl< ’ r * Md e " ein,!s 


ESN 451487 Inbound Test 

Ii??erentK- l i ^i^;Les 1 duriM b t r h >t! ° n ' ESN 451487 “ aS inSt,Ue,i «" '»» 

This engine was initially floun on the'Hrit'nirtr* J n “ lal checkout flights. 
209 during which it lost 14° C in EGT margin fl gh J. of f “ selage number (F/N) 
for the 82 CF6-6D engines Th P «„ • 8 ’ "Etching the average cruise loss 

installed on f/h 2?S* or ihe^r.T ZZISTV, *5‘" thU fi "<- flight and 
this flight (the second flight of ^ - f Ught of that ^rcraft. During 

cruise EGT msrgin whlte^ LkU^he^^ 'l" c^’l ^ °< >' C 
acceptance test. The EGT deterioration a • ] 9 t ° Sln f e the production 

shown relative co the short-term op f erived from this second flight is 
4-2. Sh ° rt term P er f°rmance of the other 81 engines in Figure 
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While the engine was removed after the second flight to investigate a vibra- 
tion complaint, a performance calibration test was conducted. The short-term 
deterioration assessment was based on a comparison between the inbound test 
cell results and the factory performance. These test cell data indicated a 
sea level static sfc increase of 2.2 percent at constant thrust for this 
engine as well as a 21* C EGT and 1.8 percent fuel flow increase at constant 
fan speed relative to the factory performance. These data thus verified that 
the short-term losses incurred prior to introduction to revenue service were 
both real and nonrevers ible - 

These test cell results for ESN 451407 were compared to a short-term sea 
level static deterioration model as shown in Table 4-1. Further the test 
cell deterioration assessment of ESN 451487 was also projected to cruise 
conditions and compared to a model of installed cruise short-term deteriora- 
tion. Both the test cell and projected cruise performance were higher than 
those assessed for an average engine. However, the cruise EGT loss deter- 
mined from checkout flight measurements for this engine had likewise indicated 
that the engine deteriorated more than average at the time of its second 
light. In fact, the cruise EGT loss projected from the measured test cell 
ata (analytically derived as 80 percent of the sea level static EGT loss) was 
within 2 C of the EGT deterioration assessed from the cruise checkout results. 
This comparison, also shown in Table 4-1, indicated that the calculation and 

comparison procedure used to equate cruise and test cell EGT levels was rea- 
sonable. 


Table 4-1. Short-Term Performance Deterioration Assessment 
Inbound Test of ESN 451487. 


^LS Test Cell Installed Cruise 


Overall Performance 

Measured 

Analyt ical 
Model 

Projected 
From SLS 

Analytical 

Model 

Airplane 

Checkout 

(Delta From New) 
4 SFC At FN 

2.2% 

1.3% 

1.5% 

0.9% 


4 EGT At N1 

21° C 

IS* C 

17 * C 

14* C 

19* C 

4 WFM At N1 

1.8% 

1.5% 

1.6% 

1.3% 

.... 


ESN 451507 Inbound Test 


As noted previously, the activities to quantify 
oration included special testing of ESN 451507. 
entire DC-10-10 aircraft/engine checkout at DACo 


short-term performance deteri- 
T'nis engine had completed the 
on F/N 250 before being 
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removed for the tost coll performance calibration. Performance tostin R of 
this engine included tho standard t.ictorv production acceptance tost cali- 
bration as woll as tho special inbound tost at tho Ontario, California (ASO/O) 
fact 1 i t tos . Tho inbound por formation calibration tost following tho DACo 
acceptance Mights consisted of throe separate runs: two calibrations with 

tho engine in tho as-received condition, and the third following cleaning of 
tho Stage 1 fan blades. (No incasureahlc difference was observed.) The in- 
strumentation was identical to that used at Kvendale. The overall performance 
levels Iron these tests are summarized in Table 4-11. These data, recorded at 
both takeott and maximum continuous power settings, were used to determine the 
short-term deterioration of this engine. 

I'nlorlunatelv, an undetected thrust measurement error during the inbound cali- 
rat ion made changes in thrust levels and thus tin* resultant sfc values unre- 
liable. However, test cell measured changes in fuel flow along with KCT at 
constant tan speed were available to assess deterioration. The measured de- 
terioration based on the comparison of the inbound test cell data and the 
production acceptance performance was IS" C KCT and l.b percent fuel flow at 
constant fan speed, as shown in Table 4-11 1 . Analytically adjusted to cruise 
conditions, the losses were 1.’" C KCT and 1.4 percent fuel flow. It can be 
observed that the sea level test cell data as well as the projected cruise 
losses tor this engine matched the derived deterioration model. These pro- 
jected cruise KCT and WKM increases thus support t lie sfc deterioration pre- 
dicted bv the model. While the cruise KCT loss measured for KSN 451507 during 
the initial airplane checkout flight C?:’" C) appeared high (Figure 4 -,>), this 
level dropped to 1 7‘ C during the initial revenue service - a magnitude which 
was more in line with the expected loss. 

These inbound test results again demonstrated that short-term performance 
deterioration was both real and nonreversible . Further, the similarity 
between the measured performance loss for KSN 451507 and the sea level static 
deterioration model indicated that the observed short-term deterioration of 
this pa 1 1 i oil ar engine should he representative of typical CKh-6D engi les 
alter ai rpl ane/eng ine checkout procedures; that is, prior to entry ituo 
lev , me setvtce. As such, the observed hardware conditions of KSN 451507 
should likewise be representative and can be used to quantify short-term 
parts deterioration of the CFb-bO engine model. 


4.1.1 Sl'MMA KY OF PKRFORM ANt'K PATA 

Analysis of cruise performance data indicates that significant losses do occur 
tor the CFb-hD model engine during the first checkout flight at DACo, but that 
theiealter, the pet t ormanoo generally remains stable through at least the first 
fOO hours it revenue service operation. bosses which occur during aircraft 
checkout prior to revenue service are therefore representative of short-term 
deterioration. Further, test cell performance results demonstrated that these 
loss os aiv both ro.il and uonrovors iblo , 
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14625 
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1.1 
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14843 
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0.6* 
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0.2* 

14092 
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14861 

14811 

14169 

14088 

14874 
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Iablo 4-111. Short-Term Per I ornumee !Vt er lent ion 
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Based on the average of 82 engines 

established 1 o‘.i “"T'*™ deterioration 

able cruise and inbound test cell result " ulse fuel bu ™. The avail- 

results from the analysis of nsu were found to be consistent. Also 

significant amount of the short-ternTlos" 8 SUpp ° rt the b ®lief that a 

tion during the airplane checkout, such L/a "hot 10 " 0ntypical en 8ine opera- 

. =>ucn as a hot rotor reburst." 

It was also shown that the short-t-or™ c 

was representative of that established"^ °™ anCe loss for Program ESN 451507 
■hjicauy follows that the h“ ltl„ ^ ^ "“ >del ««‘«i •» it 

stdeted to represent the CF6-6D fleet results should also be con- 


?• 

L- 

K. 

k > 




4 * 2 HARDWARE INSPECTION RMiitc 


^fTL^oTSatf ~ " — - analyte 

performance deterioration. isolate the sources or causes of the 


Irsr; “ — 

tmn with influence coefficient,® ‘ er e u «L r lns ! ,ec '“ > " "suits, in con June - 
mechanisms and assign a fuel burn 'deter' .• ° lso * ate th « deterioration 
coefficient, are empirical! o! na a °M ^1° T? >■««■«• 

change in a hardware condition with . ?!" facto ” “hich equate a 

cn a change in component performance 

Tk* nn/ r ^ * 


r=£‘2 r .~:rr ■££• »rs.;r 

Since the CF6-6D is a duarspool^turbofan^o^r 1 Sections of tb * engine!" 
isolate the compressor and turbine section fn T'™ ’ lt is lo « ical to 
and high pressure systems. Accordingly the h T SPO<>1 " that is * the low 
nzed into four major categories: fanhieh hardware data hav e been summa- 

pressure turbine, and low pressure (LP) t k • prGSSure (HP > compressor, high 
section of the engine showing these ma or^- FiRUre 3 ’ 1 Showed a cross 
Paragraphs only summarized the hardwari f' h l ° nS * N ° te that the Allowing 
presented in Appendix B. findings and that detailed data are 


4.2.1 


FAN SECTION 


cU^ei-S^dir^^ blade-to-shroud 

Cion of surface finish change fS r thi ’arinu^ufolll. ‘* dM> '"’ d dM *™ 1 "*- 


There was no measured shor i 
.action. A hsch-to-bsch test «.„* whth' 
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V~‘- . Si - fa " <*— -ere 
indicated no change i' contou^. ° f • *L,.i„. 


removed , 
master 


4.2.2 


HIGH-PRESSURE compressor .section 


for measurements. Ten blades per staee’fSt ^VT amoved from the engine 
stage (Stages 7 through OGV) were removed i- ^h 3 . throu 8 h 16) and ten vanes per 
finish data. The flowpath coatee Z ^ represe "t a tive surface 

rubs to ascertain potential clearance chanve^^i/ 0 * spallin 8 and evidence of 
stationary-seal clearance was determined in order ^ C ° P rotatin 8-t°- 

tnternal leakage (parasitic) effects. d C lsolate an y potential 

Rubs were noted on the stator casing rub coat 

partrcularly in the upper half in e £ e vicl °- t fro. compressor blade tips, 
rubs were noted in most stages ranein* 12 ° clock - These local 

mch. Minor spalling of the casine^ub r T * klS ? n ° depth) U P to 0.008 
effect for the estimated clearance^, “nge ! "Is ° ^ perf °™"~ 

ciency - equivalent to 0.03 percent L SuiseVV ln corapresa °r effi- 

measured conditions were within new engi^lnraL^ 8 "^ 0 "' *" ° ther 


4 - 2 - 3 HIGH-PRESSURE TURBINE SECTION 

l e t: i Lio“r:;T nt L, t : C t:r^:: iirnLi" h, i e 

surfac ' ! determination and the static parts (shr* T V3,u ' s “ ore sub J“ t «l to 
.^inspected tor distortion that TZIZV ^ ^L- 

d«:n"X 0 ! teril; s'alf;,;: th d ° »•«« >• 

was attributed to this section of th. "• ed cruise sfc loss for ESN 451507 
on both stages, resulting in shor tening"!^' "th > l!"* 1 "? bla ** ^ had ° ccurred 
0.021 inch and 0.011 inch, respective^ Th/ S *°, 1 and 2 blade tips by 
degradation and is equivalent to 0 71 ’ T . almost a11 of the turbine 

sumption. Based on this result notch ? U ! n / ncroasod cruise fuel con- 
seven production engines to 1S stU l i / V° r ° ,ncor P°rated lnto the tips of 
inspection (which does not require ' a"* chan ^’ wltb time. Borcscope 
engines (see Append B 3 T obtaI "* d «* these 

validated the iL.lt. n^L fL KN 45nS5 ‘a“nd1 ““prance testing, 

are the dominant mode of short-term deterioration ^ blad ° tlp tUbs 

Surface finish moasurenipnt *? t «-*.*• •» • 

the Stage 1 nozzle vanes, resulting in iVo:)" lCated '? sli R ht roughness of 
Measurement of turbine seals and stmr. l ’ 2 p ‘' rcent increase »n cruise sfc. 
parasitic loss, and the I.e^ure^ s 1*™ " no 

nominal. ‘ ' ni/.zle vane throat area (A4) was 
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4.2.4 LOW-PRESSURE TURBINE SECTION 


Inspections to assess deterior.it ion median isms included dot 
t i p-t o-sliroud and interstage seal clearances. In addition, 
surface finish data wore obtained for each airloil stage by 
randomly selected parts. 


ermi nation of blade 
represt*nt a l i ve 
measurement of six 


Two areas of minor deterioration were assessed in 
section, including surface finish change for the 
seal radial clearance. The Stage l vane surface 
compared with new engine requirement of b3 P in. 
teeth were found to be from 3 to 10 mils smaller 
which calculated to be a 0.04 percent increase in 
surface finish effect was negligible. 


the low pressure turbine 
Stage 1 vane and interstage 
finish was 80 \i in. (AA) 

The rotating interstage sea 
than new-engine minimum, 
cruise sfc. The vane 


1 


4.2.5 SUMMARY OF HARDWARE INSPECTION DATA 

The short-term losses assessed from hardware inspection data for the various 
engine section are summarized in Table 4-IV. As shown, losses in the high 
pressure turbine are the major source of, and blade tip-to-shroud rubs the 
dominant factor in, short-term deterioration. The calculation of fuel consump 
tion effects carried to the second decimal point is not intended to convey 
that the Contractor believes this is the level of accuracy. Rather, the loss 
mechanisms that were isolated for the compressor and turbine scctl °"* 
a minor influence on fuel consumption and the measured deltas wi rt * 
small. Realistically, the only condition isolated that is a significant 
contributor to short-term deterioration is Stage l and 2 high pressure turbine 

blade tip rubs . 


4 . 3 COMPARISON AND DETERIORATION ASSESSMENT 

It can be concluded from these data that ESN 451507 is typical of the average 
short-term deterioration for the 0F6-bD model engine, since measured cruise 
performance loss and the dominant deterioration source agree well with similar 
data from other CK6-6U engines. However, the short-term loss assessed fi om 
hardware inspection data taken from KSN 451507 must be compared with the total 
measured loss based on performance data before the hardware results can be 
established to he reasonable. 

The performance and analytical teardown hardware data indicated that the total 
fuel consumption increase derived from the two independent methods for ESN 
451507 was 0.8 percent based on the hardware inspections and 0.4 percent based 
on the cruise performance data. As noted, those independent studies produced 
results within 0.1 percent of each other, and the hardware data isolated over 
88 percent of the loss expected from cruise performance data. Tins comparison 
is considered excellent, and substantiates that the hardware assessments are a 
realistic representation of short-term deterioration. 


Table 4-IV. Analytical Assessment of ESN 451507 
(Sea Level Takeoff). 


Assessment 



jn 

EGT 

SFC 

HP Compressor 

0.05% 

1° F 

0.04% 

Airfoil Surface Finish 

0.05 



Stator Land Rubs 




HP Turbine 

0.95% 

24° F 

1.05% 

Stage 1 Nozzle Surface Finish 

0.03 



Blade Surface Finish 

0.00 



Stage 1 Blade Tip Clearance 

0.70 



(+ 21 mils) 




Stage 2 Blade Tip Clearance 

0.22 



(+ 11 mils) 




Parasitics 




All Seals Nominal 

0.00% 

0 

0.00% 

LP Systems 

0.07% 

0 

0.05% 

I/S Seal Clearance 

0.07 



Stage 2 (-3 mil) 

0.02 



Stage 3 (-3 mil) 

0.01 



Stage 4 (-8 mil) 

0.02 



Stage 5 (-10 mil) 

0.02 



Total 


25° F 

1.14% 


•10 


^rlance^nd^ardware^results ware typSal’ofJh 11 i ” dlcated th « ™ '51507 par- 
model enainea and )L ,, typlcal o£ thosc expected for other CF6-6D 
for ESN 451507 a nH fh u excellent agreement between cruise performance data 

lnde ^»“y assessed from 

CF6-6D model engtee’is 0 9 olrtlnt that the short-term deterioration for the 
° f - ^ is^high-pressure^urblne SSV2 


r 


5.0 RECOMMENDATIONS 


Three separate courses of action have been initiated fc 

the short-term deterioration losses ill eliminate or alleviate 

erated from high power to flight idio A te ? that each en 8 ine is decel- 

tion during aircraft climb it and then subjected to a rapid accelera- 

during theVicraf ac f! dat ‘ 

as ™ - 

— .. u „ tyPlcal of> * t -^“ “ 

and -° re •Sw-Sy’SSs** 

cooling air b. S h , If C earance Control, which will n*ter 

«- «*«“• - - slst sr r^t: s r er tba - by 

:r^£‘:L£; l r^hft Contractor <cen " ai *»•«*«> »■ « 

coating is to provide the LZTJ JfS’": ^'“’dT ^ 

thermal conditions, thus producing Inr^i , ^ shroud durin 8 adverse 

than shortening of all the blades ^e ° f ' Shr ° Ud " aterial r « h ” 

the rubs are very lS^Tl this aDoroarh * s ldles to date h *''e indicted that 

the rubs, and the* total ’shr^d Zterial’ “ Z" “nf^UaTeT « ff ~‘ f ™" 
increase will be minimal. resultant clearance 


APPENDIX A 


TEST PLAN/WORK SCOPE 


enginrtesfon ^ 656 " 15 3Ctual teSt > la " ««* 

*£?* ! ' n ? lne serial nun,ber 451507 and 

oembly and parts inspections. 


workscope 
to conduct 


used to conduct the 
the engine disas- 


A.l INBOUND TEST 


terioration engine? nC The f test ing*wi II fondue ^d 1 ^ 6 C h 6 " 6D short "‘ erm de ~ 

test cell with a lightweight k»i i , te< ^ ln ASO-Ontario CF6 

Cowling configuration. th and the standard CF6-6 Acceptance Test 

'■ the " 6 ““ - «' »P -er CF6 Shop Manual, 

tracks^utside of^he ope^Um^ ?*' ^ t*-* 21 SdjuSt Unless VSV 

t'K* rtir. 1 "cfcc t “ i0 ° P ‘ a " f ° r 

4- Conduct the following performance, test: 

erform normal prefire checks including a leak check. 

Start engine and stabilize for five minutes at ground idle. 


b. 

c . 


Set the following two a * 

dsta readings offer fou^Lf ^ ‘" d — ™ 
Power Settin g 


50% 

75% 


Corrected Fan Speed 

76.42% (2623 rpm) 
90.11% (3093 rpm) 


without exceeding an, limits (m, FXI VSV ‘ ^ 

that all instrumentation, including the recorded if f?‘" 
mg properly, 5 ecoraer, is function- 
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a 




- a ^ v. ni 


e. 


Set the following steady-sta 
to-back data readings after 
engine should be operated at 
minimum of six minutes prior 
Take one data reading after 

Power Setting 

Takeoff 

Maximum Continuous 
Maximum Cruise 
75% 

Shut down for a minimum of 
b and e. 


■e data points and take two back- 
our minutes stabilization. The 
maximum continuous power for a 
to setting the following points, 
ix minutes. 

Corrected Fan Speed 

100.30% (3443 rpm) 

98.70% (3388 rpm) 

95.85% (3290 rpm) 

90.11% (3093 rpm) 

minutes and then repeat steps 


5. 


SPECIAL INSTRUCTIONS 

aPPly "“‘"S the CF6 - 6D 

*' calibrations 1 T/T ‘7 ' the --I-P.rfom.nc. power 
calibrations. A bo.b calorimeter will be need to obtain the 


b. 


c . 


traceable to the National Bureau of Standards. 


A ' 2 — LYTICAL TEARDQWN, REFU RBISHMENT. AND reassembly 
G eneral 


Engine disassembly and analvtiral fncno,.- 

the following sections as sequentially relatin’ 'th^Sh “ t'r disCUSSed in 
tion test objectives. In all y ■ 1. C Short-Term Detenora- 

recording, ^d .njm rlbnUd i, ^'1 

applicable sections of the CF6-6 Shop Manual GEK ‘ n * c '"dance with the 
Engineering, t * 16 »«»' * 

th : *r au - 


i"' " 'TOfT^ 
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Inspection results are documented in Appendix B of Lhis report. This includes 
a tabulation and analysis of the dimensional and surface finish measurements. 
In addition, photographs (detailed and overall) of the deteriorated parts are 
presented to emphasize the written description. Sketches are included where 
necessary and where photographs are unavailable. 


LPT Inpections 

Remove and disassemble the LPT module sufficiently to perform the following 
inspection checks: 


Turbine Midframe (Reference 72-54-00) 

• Measure and record eight-point -diamet er check (dia. AM) of the LPT 
pressure balance seal. 

• Measure and record outside diameter of forward mounting flange (dia. 
U) at twelve o’clock; take runnout relative to No. 5 bearing, at 
twelve equal ly spaced locations starting at twelve o clock* 


Stage 1 LPT Nozzles (Reference 72-55-00) 

1. Remove four Stage 1 LPT nozzle segments, and measure the surface 
finish of the vane airfoils at each end of each segment at the 
following locations : 

• S uction (Convex) Side 

Measure at pitch line and 0.5 inch below the outer platform 
0.45/0.50 inch from the leading edge (LE) and 0*45/0.50 inch 
from the trailing edge (TE). 

• Pressure (Concave) Side 

Measure at pitch line 0.45/0.50 inch from the LE and 0.45/ 

0.50 inch from the TE. 

2. After completion of surface finish measurements, reinstall the noz- 
zle segments per the Shop Manual (SM). 


Low Pressure Turbine Stator Assembly (Reference 72-5 6 -00) 

1. Take Castone impressions of shrouds and interstage seals as follows: 

• Take impressions at maximum rub areas of each stage for each 

casing half. Appropriately identify each castone. Note 
approximate clock position of each. 


* ^ Ch in, P re ^°n should cover the full axial length of the seal 
(t.e., both rubbed and unrubbed surfaces). 


»se care not to damage the impressions, 


ta«in!Th!lf P "or 3 ' U ? re ' |Uir ' d) ' the foUo»i"« from each 

caa.ng half, one nozzle segment each from Stages 2 and 3 three 

Sta8eS 4 5 - P ° s 1 ion-mark ^al l^hard- 

* ° £ ,^ ,a " e airf ° Us the **« moaner 

xned for Stage 1. (Reference "Stage l LPT Nozzles."). 

coL e itiL° r :fX^rdCre" qUired ^ * Check#d * dependin * the 

?X S pe r r"hVsM Uh ChaCkS are acceptable ' '■>. I-PTS as- 


Low Pressure Turbine Rotor Assembly (Reference 72-57-nnl 


iournals he 111 °* *3 3 lat! ’ e bed ( ° r e <l“ivalent ) on the No. 6 and 
the following^ " ^ maXln,Um r,dius and FIR of 


• Blade tip shroud seal serrations, forward and aft, each stage 

• Air seal teeth, forward and aft, each stage. 

• Pressure balance seal, each tooth. 


2 . 


Measure and record the airfoil surface finish of six blades per 

_ t38 ? S !* 3 ’ 4 » and 5 - (Remove only the number of blad< 

* "* ra re ^ uired to remove the six blades per stage- position- 
“ rk blades for reinstallation. ) Measurements are to be ta^en at 
ie same airfoil locations defined for the Stage l LPT nozzles 
(Reference "Stage 1 LPT Nozzles.") 8 zles. 


3. 


When surface finish checks are acceptable 
posit ion marks. * 


reinstall blades per 




Reassembly 


After ail inspection checks are completed, 


rebuild the LPT module per the SM, 


<16 


Fan Section Inspections 


No disassembly is planned in the fan section, other than removal of the spin' 
ner to install the shimming tool under the blades (Stage 1). Tip clearances 
are to be taken prior to removal of the LPT engine maintenance unit (EMU). 


Stage 1 Fan Blade Inspection and Cleaning (Reference 72-20-00) 


Record the Stage 1 blade leading edge condition and surface condi- 
tion (i.e. dirt, nicks, etc.). 

Record the condition of the Stage 1 and 2 shrouds and vanes. 

Note any unique conditions observed in the fan section. 

Thoroughly clean the Stage 1 blades using a soft cloth and solvent 
MEK for light deposits. Remove heavy deposits using Scotch Brite 
Pads No. 7447. (Do not remove the blades for cleaning.) 

Measure and record Stage 1 blade tip minimum, maximum, and average 
clearances at locations E12 and E13 per SM Section 72-20-01. 


Core Engine Inspections 

Disassemble the engine as necessary to obtain the required data on the noted 
EMU s. Disassembly will be performed per the following sequence of events: 


Note 1: 


Note 2: 


Note 3: 


Photographs (detailed and overall) will be taken of each subassembly 
prior to its disassembly, with particular emphasis on deteriorated 
parts, or any unique condition. 

Prior to removal of the Stage 1 HPTN assembly, obtain drop checks 
from the aft face of the CRF outer flange to the aft face of Stage 1 
HPTN vane outer platforms in eight equally spaced locations. At 
each location, obtain drops to both ends of each segment (16 indi- 
vidual readings). 

Record inspection requirements on sheets supplied by the Evendale 
engineer. 

• SpKt the core engine away from the fan module and route the 
core to Hanger No. 2. 

• Position-mark and remove the Stage 2 HPTR blades. Preserve 
the Stage 2 blade retainer seal wire for engineering inspec- 
tion. 


• Remove the Stage ? HPTN assembly, 
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• Remove the HPT rotor. Reinstall the Stage 2 blades per posi- 
tion marks and route the rotor to the rotor area. 

• Comply with Note 2 above (drop checks), then remove the Stage 1 
HPTN assembly. 

• Position-mark, then remove the 4B pressure balance seal (mini- 
nozzle. 

• Remove the CRF. 

• Remove the HPCS cases. 

• Send the HPC rotor to the rotor area. 


High Pressure Turbine Rotor (Reference 72-53-00) 


• Install the rotor into the lathe bed. Shim the blades per the SH, 
and mesure each Stage 1 and 2 blade tip at 0.1 inch from the lead- 
ing and trailing edges as follows: 

Measure and record the radius of Blade No. 1, 0.1 inch from 
the LE of each stage. 

- Install a dial indicator and zero on the measured blade, each 
stage. 

Record runouts of each blade, for each stage, in mils ( + = long 
blade, - = shorter blade). 

• Measure and record all forward shaft seal teeth (i.e., G1 through 
G6 and HI through H6) as follows: 

Arbitrarily select and mark a position on each seal tooth as 

12 o'clock. /£ 

Record the diameter of each tooth at this marking. 

Install a dial indicator and zero at each of these marks. 

Record runouts at twelve equally spaced positions, for each 
tooth. 

• Measure and record all thermal shield seal teeth (VI through V4) 
in the same manner as described for the forward shaft seal teeth: 
i.e., a diameter versus twelve-point runout for each tooth. 

• Inspect the Stage 1 blade retainer seal wire. (Depending on the 
wire's condition, the inspector may wish to return seal wires to 
Evendale. ) 
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Posi i ion-mark and remove six blades from each stage, and measure 
the surface finish at the pitch line: 

On the suction (convex) side at 10, 50, and 90 percent of the 
blade chord. 

On t he pressure (concave) side at 10, St) , and 90 percent of 
the blade chord. 

Ke install blades, per position marks. 

Measure and record the depths of tin* notches on the designated 
blades. (tour blades per stage were notched during the initial 
assembly of the engine in order to estimate the amount of wear 
caused bv rubbing; see Figure A— 1 . ) 

Record the overall general condition of the blades, taking into 
account burns, cracks, missing pieces, surface appearance, etc. 


Stage 2 HPTN Assembly (Reference 72-52-00) 


Restrain the Stage 2 HPTN assembly in the grind fixture, center 
assembly. Measure the Stage 1 and 2 shrouds at each of two axi- 
al locations, for each stage (1/2 inch from l.E and 1/4 inch from 
TE) as fol lows : 

Measure the diameter between twelve and six o'clock at each 
ax ini loom ion (four places). 

Install a dial indicator and zero at twelve o'clock at each 
ax i a 1 iocat i on . 


Record runouts at the ends and the center of each shroud, at 
c.k 1) local i on . 




Record l he depth ami width of 
at twelve o’clock, and obtain 
each seal land. 


I he interstate seal grooves starting 
tour equally spaced readings for 


Record the drop dimension from the forward face of the aft flange 
Oi the support to the forward lace ol the lugs that support the 
Stage 1 vane outer hook (Dim. K) at lb equally spaced locations 
starting at twelve o'clock and working t'W, AJ.F. Also, note the 
condition of the flange that supports the Stage 1 vanes, paying 
attention to areas where cent act has/has not occurred. 

Record the average thickness of the shim located between the 
Stage 2 support aft flange and the CRF. 




Record the overall general assembly condition, noting 
“ The condit ion of the vanes. 


The number 
proximal e 


of cooling holes plugged in the support (and the 
percentage of shroud holes plugged if disassemble 


ap- 

d). 


The condition of the Stage 1 and 2 shroud filler 
respect to cracks, oxidation, and missing pieces, 
the average clearance due to erosion/oxidation). 


material with 
(Est imate 


Stage 1 High Pressure Nozzle Assembly (Reference 72-51 -00) 

• Position-mark the vanes per the Shop Manual, using a heavy 
marker. 3 


felt-t ip 


Measure and record the area of each vane and total (A4). 

Measure the gap between outer platforms on adjacent vanes at 16 
equally spaced locations. Measurements are to be taken at the 
aft end of the vanes. 






Record the overall general condition of the vanes as related to 
burned areas, any missing pieces, surface condition, etc. 


Disassemble, as required, to remove six vane 
surface finish on six vanes at the pitch line 
convex sides at 10, 50, and 90 percent chord. 


segment s . Measure 
on the concave and 


Compressor Rear Frame Assembly (Reference 72-34-00) 

• Position-mark and remove the CDP seal. 

• Measure and record eight equally spaced diamete 
each of the following seals: 

CDP seal (Forward and Aft) 

No. 411 pressure balance seal (mini nozzle) 

• Reinstall the CDP seal and minino/.Ue per match 


rs for 


marks 


each land 


of 


High Pressure Compresso r 


Kin or v Koto re 






Install the rotor in the 
eter of each seal .ooth 
traily chosen), together 
relative to the twelve o 


K/0 fixture. Measure and record the diam- 
ot the (.HI* seal at twelve o* clock (arbi- 
with a twelve-point runout for each tooth, 
V lock pos i t ion . 


'9 
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• Record the overall general appearance, specifically noting: 

^ ! oca ^ ion of an - v s P 0 ol rubs and the condition of 
the spool coating in terms of spalling. nan ion ot 

deposit s ^t^o cur 1 he ai / {oils > takin * into a «°“"t aluminum 
aeposits, tip curl, and erosion. 

• *sz s.r 

10-15 percent of the chord from the LE on the suction side. 
10-15 percent of the chord from the TE on the pressure side. 
Note: Position-mark the blades prior to removal. 

• Reinstall the blades into the rotor per position marks. 

^ Compressor Stators , For ward and Rear (References 72-32-00 and 72-33-00) 

• Record the overall general appearance, specifically noting: 

™fj°"? iti0n ° f the VSV bus, ’i"gs by stage (i.e., loose, metal 
to metal, pieces missing, etc.) 

Jer stage)! 0 " ^ ^ ^ ° f Stat ° r ‘’ and rubs (de P tb a "d leng, 
The amount/degree of aluminum coating spalling. 

£ir;ir°i/ he d irfons ' 

posits, tip, curl, and erosion. 

* j on_ma rk and remove a quantity of ten vanes per stage (five 

Record the^f-cfff 1 ^ 1, T^' StaRes 7 throu « b ^he OGVs. 
prZV Made* ^ “ lhe ^ l0Cati °" S defi "* d for ‘ b * com- 

• Reinstall the vanes per position marks. 

A* 3 ENGINE REASSEMBLY AND TESTING 

engine pe/the Shop Manual^*" i» P °al 1 reassemble the 

non-servi ceable . ’ the ori « inal hardware, except where 

Test the engine per the CP6 Shop Manual and return it to American Airlines. 
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appendix b 


HARDWA RE INSPECTION DATA 


In accordance with the Test pi a „ 

*51507 was subjected to ! a presented i n Appendix A of this r 

X'j£ ~f£~; - 

rub. bM^^h. H^'b H '" Si " e »*• *■ c^? t • Va " eS thr °“* h - 

““ producad ‘ •*-»*«« «-i*S.“nSr 


t/un anuxiQN 


hrrur :a^f» bb„ „ ... u exce . 


B -I-l fan rotor 

««*. «* „ nict ., 

— - = = ~ as 
* — — - - - * — 

B • 1 • 2 FAN STATOR 

o^H ud 1"‘"”!:r eyco "V ta8e 1 tan 

*“ matscial as st ' a8a 1 - « TsTL 

8,1,3 — AGE 1 FAN BM ng TIP CLEARANCE 

Stage 1 fan blarip »..* , 

“ “ •'- ' '•■ -“™“ ras « - s 


4f 
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flange of the fan stator case, while E13 ic j m t . 

ward flange, as shown in Figure B-2. The average Ji^ lnChe ® fr ° m the for ' 
two locations is calculated by addin* thl Z P clearance at e «h of the 

case clearance of the longes/blade. 8 6ra8e r ° t0r rUn ° Ut t0 the avera 8 e 

e r ach r or^ t 38‘b^e e ™ipt d a ^ ^h^ by " easuri " 8 the '*««««« 

The smallest clearance (bejon. L Tf Shr °“ d “ the si, o'clock position, 
tracted from the average of the Lao C °'J rs ® to the lon 8 est blade) is then sub- 

the established lo'g bCde a e7 0 ° hTr 68 / MCh l0Cati °"* ^ 

equally spaced positions, from the s^ of w£ich mea8ured at twelva 
calculated. hich its average case clearance is 

The Stage 1 fan blade tip clearances for rqn ao cni , 

blade date (Table, B-I and B-II) and the shroud datl (Tabu'^u?) 

sented in Table B-IV Th* ro=..w» , 7 waDle B IJI 1. are pre- 

Shop Manual requirements. reveal very little differences from the 





-vT* 






ade 

lo. 


Clearance 


ade 

to. 


Clearance 


B1 

N 


8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 


0.170 

20 

0.160 

21 

0.181 

22 

0.193 

23 

0.170 

24 

0.170 

25 

0.181 

26 

0.176 

27 

0.194 

28 

0.170 

29 

0.170 

30 

0.173 

31 

0.186 

32 

0.180 

33 

0.170 

34 

0.184 

35 

0.176 

36 

0.169 

37 

0.167 

38 


0.175 

0.173 

0.181 

0.175 

0.187 

0.176 

0.166 

0.182 

0.182 

0.176 

0.176 

0.169 

0.167 

0.162 

0.177 

0.177 

0.170 

0.175 

0.170 


Average Clearance = 0.175 in. 

Smallest Clearance = 0.160 in. (Blade No. 2) 


Average Rotor Runout = 0.015 in 










j 


Y 

t l 






Table B-III. Stage 1 Fan Shroud/Long Blade 
Minimum Clearance Measurements 


Position 

No. 


12 O'clock 

1 O'clock 

2 O’clock 

3 O'clock 

4 O'clock 

5 O'clock 

6 O'clock 

7 O'clock 

8 O'clock 

9 O'clock 

10 O'clock 

11 O'clock 


Clearances 
at E12 


0.159 

0.149 

0.159 

0.164 

0.166 

0.167 

0.154 

0.159 

0.150 

0.176 

0.176 

0.162 


Clearances 
at E13 


0.155 

0.142 

0.153 

0.165 

0.161 

0.164 

0.160 

0.152 

0.143 

0.173 

0.170 

0.158 


Average 


0.162 


0.158 


Table B-IV. Stage 1 Fan Blade Tip Clearances 



E12 

E13 

Minimum 

0.149 

0.142 

i 


Shop Manual 


0.145 minimum 


Average 


0.174 


0.173 


0.171 maximim 




8,2 HIGH PRESSURE COMPRESSOR SECTION 
B • 2 • 1 HP COMPRESSOR ROTOR ASSEMBT.V 


General 


The high-pressure compressor rotor 

were no vane-to-spool rubs no v ! L T excellent condition. There 
land coating. Some of the’blade tins^ dl *^ re P ancies observed in the rotor 
significant rubs. A. a ?ea“t of fEe a^h. EE' * C °“ dUi0 ” “u,ad by in- 
aluminum rub coating splatter on rho • f •,* ^ here was a trivial amount of 

B-3, which shows t S for^the^CDp hr ° U ? h “• Fi8 “" 

measurements, shows this condition. th CDP Seal teeth run0ut 


HPCR Airfoil Surface Finish 

2:.™^ ^i^nur^rr^ t* re *° ved fr< - *« 

it was noted that th"reaii™, beLTf ' "° UeVer ' duri " 8 the checks . *•« 
dition <16 a inch .»i.2 T»!nL ," i :' approximately in new-part con- 

sured. The results are presented in Table 8-^°" ‘ CtuaUy me ‘~ 

U P<!rCe " t C i° rd diataaaa ' ba -ding and 

Bar a StalTf ^ 


Rotating CDP Seal 

- — measure- 

shown in Table B-VI. (NOTE: The twelvf o'clock W ® r * ? ade and th ? results are 

chosen, and all measurements are reHtive to !°? ”* arbitra ” ly 

the rotating seal to stationary seal (Table B -IX lT Calculations of 

ances, as shown in Table r-VTT ; n ai ► j later in this report) clear- 

nominal clearances., C3 6 n ° measurfl ble change from production 



Figure B-3. High Pressure Compressor Rotor in Runout Fixture. 






Table B-V. HPC Rotor Airfoil Surface FinicK r 
. Finish Inspection Results 


Convex 


Sta S e I Tip Fit C j 


Average 


■BHM 

hbhHK 


Average 


■Hfl 


14 I 18 


10 24 23 2 

27 22 2 

22 27 2 

18 21 2 

Average Airfoil Surface 1 
Average New Pa lt Finish 



16^ inches AA 
inches AA 











































lable B-VI. HPCR CDP Seal Teeth Inspection Results, 


Position 

6 

Tooth Number 
5 1 4 

3 

12 O'clock 

0.0 

0.0 

0.0 

0.0 

1 O'clock 

0.0 

0.6 

0.1 

-0.1 

2 O'clock 

-0.5 

-0.2 

-0.3 

0.1 

3 O'clock 

-0.9 

-0.5 

-0.1 

-0.2 

4 O'clock 

-0.7 

-0.3 

-0.4 

- 1.0 

5 O'clock 

0.5 

0.5 

-0.1 

-0.5 

6 O'clock 

-0.1 

0.0 

0.0 

-0.1 

7 O'clock 

-0.5 

-0.3 

0. 2 

0.1 

8 O'clock 

0.0 

0.0 

0.3 

-0.2 

9 O'clock 

-0.3 

-0.5 

0.0 

-0.5 

10 O'clock 

0.0 

0.0 

0.1 

0.5 

11 O'clock 

-0.5 

0.0 

0.5 

-0.8 


Diameters 


12 O'clock 
Maximum 
Minimum 
Average 


17.135 

17.135 

17.134 

17.135 


17.335 

17.336 

17.334 

17.335 


17.532 

17.532 

17.532 

17.532 


17.737 

17.737 

17.736 

17.736 


17.934 

17.934 

17.932 

17.933 


Maximum 
Minimum 
Serv. Limit 


Shop Manual Dimensions 


17.134 

17.132 

17.129 


17.334 

17.332 

17.329 


17.534 

17.532 

17.529 


17.734 

17.732 

17.729 


17.934 

17.932 

17.929 


Runout data are in mils and are positive, unless otherwise indicated. 
Diameters are in inches. 
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B - 2 - 2 high pressure compressor stator assembly 


General 


Except for blade tip-to-casing rubs, the high 
assembly was in excellent condition. A visual 
veaied no nicks, dents, or other discrepancies 
of aluminum splatter on the vanes in Stages 12 
the upper HPGS assembly is shown in Figure B-6 


pressure compressor stator (HPCS) 
inspection of the airfoils re- 
, other than a negligible amount 
through 16. A photograph of 


Condition of Variable Stator Bushings 

° f CaCh ° f thC variable vanes showed "0 loose or missing bush- 
ings. All vanes appeared to have retained their original torque. 


Coating Condition 

Some degree of blade tip-to-casing rubs were seen in all stages of the upper 
case, ranging from 0.001 to 0.008 inch in depth. Rubs were either at or in 
th. *.ci„uy of twelve o'clock. Rubs „i s0 „ ere noted in the lowej case in 

Stages 1 through 16 These were up to 0.006 inch in depth and were located 
generally about six o'clock. 

l^and ^4° r V* missing frora the to P of the casings of Stages 

and 14. Stage 14 had lost approximately 1/4 inch axially x 3/4 inch cir- 
cumferentially at the leading edge. Stage 12 had several places where the 
coating was chipped out at the aft end of the forward case, located between 
one and two o clock. The loss was an area of approximately 1/4 inch wide 
times a total of seven inches in length (see Figure B-6). Those rubs and 
coating losses are considered insignificant. 


HPCS Vane Surface Finish 

A representative number of vanes from each of the fixed stages (7 through 

in TaMrR e vwT OVe ? ^ as ^ement of the airfoil surface finish. As shown 
able B VIII, the vanes in Stages 7 and 9 through OGV's were still within 
average new-part surface finish limits. No limits are defined fo^ Stage 8 


Measurements were taken at the same locations as 
10/15 percent chord distance from the leading and 
and 85 percent of blade height for both surfaces 
surements per vane (see Figure B-7). ’ 


on the rotor blades; i.e., 
trailing edges at 15, 50, 
for a total of twelve mea- 


at 
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Figure B 6. High Pressure Compressor Stator Assembly - Rubs and Chipped Coating 
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Average Vane Airfoil Surface Finish 
Average New Part Finish 


24/4 Inches AA 
28/4 Inches AA 



































B.2.3 COMPRESSOR REAR FRAME 
General 

A general inspection of the compressor rear frame revealed no discrepancies. 
The combustor was in excellent condition, showing no signs of burning, crack- 
ing, or other types of distress. 



*/ 


Diameter measurements of each land of the forward CDP seal, Figure B-8, were 
obtained at eight equally spaced positions and the results were compared to 
the Shop Manual requirements, as shown in Table B-IX. Clearance data have 
been presented in Table B-VIII. 


No. 4B Pressure Balance Seal 

A visual inspection of the No. 4B pressure balance seal, Figure B-9, showed 
it to be in excellent condition with only very slight rubs located at approxi- 
mately the six o*clock position. Dimensional inspections consisting of mea- 
surements of eight equally spaced diameters were made on each land of each of 
the aft seals. This seal structure provides the stationary seal surface for 
both the aft CDP seal and balance piston seal. These measurements are pre- 
sented in Tables B-X and B-XI, while the inspection data for the rotating 
seals are presented in Tables B-XXIX and B-XXX in Section B.3.3 of this re- 
port. The resultant clearances are shown in Tables B-X1I and B-XIII, Note 
that the 0.010 inch average clearance of the aft CDP seal is the nominal value 
for stackup of product ion/new hardware. The balance piston seal was within 
0.0005 inch of its nominal stackup of 0.010 inch. 
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Table B-IX. Stationary CDP Seal, Forward Dimensional Inspection. 


Land Number 


Diameter 

1 

2 

3 

4 

5 

6 

i 

18.150 

17.948 

17.749 

17.550 

17.351 

17.150 

2 

18.148 

17.949 

17.749 

17.550 

17.351 

17.150 

3 

18.148 

17.948 

17.749 

17.550 

17,350 

17.149 

4 

18.148 

17.948 

17.748 

17.549 

17.350 

17.149 

5 

18.148 

17.948 

17.748 

17.549 

17.350 

17.150 

6 

18.149 

17.947 

17.749 

17.549 

17.350 

17.150 

7 

18.149 

17.948 

17.750 

17.550 

17.351 

17.151 

8 

18.149 

17.949 

17.750 

17.550 

17.351 

17.150 

Avg. 

18.149 

17.948 

17.749 

17.550 

17.351 

17.150 


Shop Manual Requirements 


Minimum 

18.148 

17.948 

17.748 

17.548 

17.348 

17.148 

Maximum 

18.152 

17.952 

17.752 

17.552 

17.352 

17.152 

Serv. Limit 

18.156 

17.956 

17.756 

17.556 

17.356 

17.156 


Readings are in inches. 















Table B-X1I. Aft COP Seal Clearances. 


Position Number 


Minimum 

.018 

.009 

.007 

.007 

Maximum 

.020 

.011 

.009 

.009 

Average 

.019 

.010 

.008 

| .008 


Overall Average Clearance = 0.010 Inch. 

Production New Hardware - 0.010 Inch Nominal. 


Table B-XIII. HP Turbine Balance Piston Seal 


Clearance 


Minimum 


Maximum 


Average 


Position Number 


Overall Average Clearance 


Production New Hardware 


0.0095 Inch. 


0.010 Inch Nomina 














8,3 ^ 1GH PKESSURK Tl i k BINE SECTION 
B - 3 'l snoe I HIGH PKbSSUKji m.uus mozzle 
Genera 1 

The Stage 1 High Pressure Turbine Nozzle (HPTNl a .. 

condition. There were no burn. As, "" ,bl >' d>»o was excellenl 

di sc repanci es. *1 , C ™U~ Lies L.’™ '"M* 0 * «*•> »ow,„ K , „ r "her 

the leading edges. Photographs of the m ° Wlt,> n ° s P latter buildup on 

ln B-10 and B-l,. 8 P ° f th * • 1SSanbl y ~~ taken and are presented 

pa;— f „- j ™ .... thP 

frame aft flange revealed little or no d T*"* 8 fr0,D the coo P re ssor rear 
haVC - an internal pa^sU ic leV^ ^ ^ could 




Drop dimensions (Dim. "D") f r ,» »i 

the aft face of thp i >e compressor rear frame (CRF) aft n 

eigh. equally spaced vane seg^nt s^At ^Tch V* B ' ,2> “ ere 

° 6nd ° f the 8e ^ nt - are presented ‘^nTab^^B-XIV^ 8 tak<? " 

face 8 of theltage^ Hp'turbin^UMle^Ip ‘ Va " e ° Uter h °° k and the forward 
which IS within specification limits. PP ° rt " ai calculated to be 0.037 inch. 


"iSS-gljter^ latfon. Cap Hess, .. 


ar'lb^ny^psce'd Slt'i^s'at The' aft < 'i*d' n | T" """ «**«red 

the - *• - 


— tag e 1 : ^fN_Are a Check (A4) 


is presented in T^b l^B-XVl ' Ar^^rTh' 1 ^ ^ ° taI ca,cu, ««* flow are, 
the nominal Shop Manual value. ’ ^ mea «"r»* flow area is approximately 


X^'llilf2iJ_S^r £ac e _Pi_n h_Ch^c ks 
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Figure- B-10. Stage 1 HPTN Assembly - Forward. 



Figure B-ll. Stage 1 HPTN Assembly - Aft Side. 


















Nozzle 

N°* Area 

827 

815 
821 
868 

825 

826 
794 
810 
813 

816 
806 
82 a 
825 
803 
813 
832 


Nozzle 

No. 

Area 

Nozzle 

No. 

Area 

Nozzle 

No. 

Area 

17 

800 

33 

805 

49 

818 

18 

809 

34 

826 

50 

830 

19 

824 

35 

812 

51 

810 

20 

813 

36 

822 

52 

837 

21 

819 

37 

803 

53 

820 

22 

826 

38 

825 

54 

816 

23 

837 

39 

802 

55 

833 

24 

826 

40 

831 

56 

815 

25 

814 

41 

807 

57 

822 

26 

830 

42 

804 

58 

818 

27 

823 

43 

821 

59 

801 

28 

831 

44 

824 

60 

821 

29 

815 

45 

813 

61 

838 

30 

822 

46 

829 

62 

807 

31 

811 

47 

826 

63 

816 

32 

825 

48 

830 

64 

822 


Total = 52.447 Square Inches 

Corr. Factor = 0.366 

Actual A4 = 52.813 Square Inches 

Shop Manual = 52.3.3/53.373 Square Inches 











Table B-XVJT. Stage 1 HPTN Vane Surface Finish Inspection Results 



Readings are in \i. inches AA 











B ' 3 ' 2 - ta S e 2 High Pressur e Turbine Nozzle Assembly 
General 


Except for the rubs and the typical 
pressure turbine nozzle assembly was 
were like new, with no cracks, burns 


interstage seal grooves, 
in excellent condition. 
9 or other distress. 


the Stage 2 high 
Stage 2 vanes 


Shroud Rubs and Condition 

* visual inspect ion of the Stage 1 shrouds revealed a noderate rub at one 

wts . ,?£•;„ r„r - 

a^Ilumbered’cw ALFr^Phot 1 °h U f “ P ° sitioned at 12 o’clock^ shrouds^ 

in F^re B-l5 fotographs of several of the rubbed areas are sh^n 


Nozzle Support 


A visual inspection of the forward flange that 
nozzle showed contact throughout the full 360* 


supports the Stage 1 HP turbine 
circumference. 


Measurements from the forward face nf n, B 

face of the flange that sunoorts the <?t i mountln 8 flange to the forward 
B-16) were takenat ih P f? C the Stage 1 vane outer hook (Dim. "K"; Figure 

Table B-XVIU e, “ Uy SpaCed The results are pressed* C 


Corresponding dimensions from the CRF aft flange to the aft face of the «?t 
1 vane outer hook (Dim. "D") averaged 4.873 inches (Table B-XI^ th 86 

Juckness of the shim that mounts between the 110771 1 . 1 B XIV J- The average 
was 0.020 inch. Between the nozzle support and CRF flanges 


Thus, the gap between the Stage l vane outer hook , 

orward flange was calculated to be 0.037 inch ver* 
all owe d . 


the Stage 2 support's 
the 0.042 inch maximum 


Interstage Seal Grooves 


Measurements of the interstage 
positions for each seal land, 
depths were approximately the 
® ng i ncs , and are not believed 


, grooves were made at four equally spaced 
and are presented in Table B-XIX. The groove 
same as chose noted for production acceptance 
to represent a short-term deterioration. 
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No. 


Dimension 


No. 


Dimension 


4.859 

9 

4.855 

4.855 

10 

4.853 

4.855 

11 

4.854 

4.856 

12 

4.854 

4.857 

13 

4.857 

4.855 

14 

4.857 

4.856 

15 

4.855 

4.857 

16 

4.857 


Average = 4.856 

Shop Manual = 4.857/4.861 

Serviceable = 4.853/4.865 

All readings are in inches 










Shroud Radii. Stages 1 and 2 

u^rti^nrr r the shr<>ud 

!“!?•“ axial location. 1/2 inch from the iaadt^ ^gT.Sd t/ 4 TnchToTL 

FieiJn 17 8e, M at CaCh e " d 3nd ln tHe Center ° f each shroud as depicted in 
d »e.ar 1 *' ° f th "' « U1 •‘-cations consisted „£ a 

„ ® l 8t th ' } 2 .° clock Portion and runouts relative to that point at each 
B-xxi . Rf p0sltl0ns ' The data and results are presented in Tables B-XX and 

iigsssissr 

versus 3^.625 inies ne» ’ A 3<, - 618/34 - 613 i»chaa 

inches versus 34.644 inches ^hen new ’ dla ” et " s "™ 34 . 625 / 34.619 

ward^some ^'mucj'af 0 ° 010 h< Tnch tha l theSt ^ 2 Sh '° Ud " dS b ‘ > “ ed 

^nns-tine.. engines To.SSTiS Tj- 

ward bowing at the ends had been recorded. 

fhp^° U ^ t * 1C runout data for the Stage 1 shrouds exhibited an elliptical shaD? 
the measurements show that Stave 1 liiro e,. a „ Q 9 , , elliptical shape, 

original grind dimensions The dLe ers It l 2 6 l? 8 *™ 11 ** ln si f tha " the 

33.302 inches versus 33.308 incheHew At 3 / 9 ^cloJk th 638 ^ 3 J 3 ; 30l/ 

ters were 33 . 321 / 33.320 inches versus 33.338 inches new! measured dlame - 

ater^bf ^/ 0 UnderStand the shro “ d deformation and consequently the associ- 

f a ?t ’ neasureraants over a "d above those contained in the Test Plan were 
taken on the Stage 2 nozzle sup^^t (see Figure B -181 anH a e 

Tahlp R-YYTT tk i Fl v&ee rigure b io; and are presented in 

*s part of the NASA-levis Performance Improvement Program, 'to„"a« "^ 3 - 20629 . 
An additional measurement of the Stage 2 shrouds „as made at approximatelv 

m ue°„ r “hh : :: d .‘" s jf - ° utside “» 

can he s^n, at thU axHl'ioJ o^ h « “ uT^ll VT* ™“' A * 
the shroud ends. P t0 0 ‘ 017 lnch ^ward creep of 

B ir"e“:iL^„r 2 ? *tr s iz zt ,nd the support rmout d “*- 
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Table B-XX. Stage 1 HPT Sliroud Dimensions. 


Runout Data 


1/2 

" from L 

.E. 

1/4 

" from T 

.E. 

Shroud No. 

1 

2 

3 

1 

2 

3 

i 

0 

3 

4 

0 

2 

1 

2 

5 

6 

6 

1 

2 

2 

3 

4 

4 

4 

2 

1 

-1 

4 

5 

8 

10 

0 

3 

7 

5 

10 

12 

13 

8 

10 

11 

6 

13 

14 

14 

11 

11 

8 

7 

14 

13 

12 

10 

10 

8 

8 

11 

14 

14 

8 

9 

10 

9 

14 

17 

15 

10 

13 

12 

10 

16 

15 

14 

13 

12 

10 

11 

14 

10 

8 

9 

6 

2 

12 

7 

5 

3 

2 

1 

-2 

13 

2 

1 

0 

-2 

-2 

-5 

14 

0 

2 

1 

-3 

-2 

-2 

15 

-1 

0 

3 

-3 

-3 

-3 

16 

5 

11 

14 

0 

5 

9 

17 

14 

16 

16 

10 

13 

13 

18 

16 

15 

12 

13 

10 

8 

19 

12 

9 

7 

7 

5 

3 

20 

7 

6 

8 

3 

3 

2 

21 

6 

8 

8 

2 

4 

4 

22 

10 

8 

i 

5 

5 

2 

23 

6 

6 

1 

1 

0 

-2 

24 

7 

2 

0 

0 

0 

0 




Lea d i n g 

Trai 1 ing 

Diameter at 12 

O'clock 

33 

.301 

33.302 


Radius 

at 12 0 

Cl ock 

16 

.650 

16.652 


Minimum Radius 


16 

.650 

16.647 


Maximum Radius 


16 

.667 

16.665 


Average Radius 


16 

00 

16.656 


Runout data are 

in mils 

and are 

pos i t i ve 

, unless 

otherwise 

i ndicat' 

?d. Other measurements are m inches. 

























B N 


Figure B-18. Stage 2 Nozzle Support - 
Locations of Dimensional 
Inspections. 
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Figure B-19. Stage 2 HPTN Support and Singe 2 Shroud Runouts. 



Figure B 20. Stage 2 HPTN Support and Stage 1 Shroud Runouts. 
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B.3.3 HIGH PRESSURE TURBINE ROTOR ASSEMBL Y 
General 


Except for heavy blade-tip rubs, the high-pressure turbine rotor was in ex- 
parts The blade 'r ”°. V18lble . dlscre P ancies w «e noted in any of the spool 

£2 ;..ui r * e " ire ‘ " ete vis "‘ ,u >' “■> —led 


HP Turbine Rotor Airfoil S u rface Finish Inspection Results 

blpHpf il f 0meter U8ed bo mea8ure the ai rf°il surface finish on each of four 

nn k !»/?!? e ' iCh ?J a 8 rn° f the h l 8h-pres sure turbine. Measurements were taken 

FWeV2i eS ?k 10> 5 ?’ and 90 percent of the blade chord, as depicted in 
Figure B 21. The results are shown in Table B-XXIV. 


HP Turbine Rotor Blade Tip Measurements 

axtUrf'Suh’the blliir k r0t0r /" ‘"“ellel »" Se.riag axi. ia a runout 
r- 2^ h . h . bl d ? himmed :n accordance with the Shop Manual (see Figure 

B 2J. Runouts at two axial locations (0.100 inch from both the leading and 
trails adgaa) of aach Had., togethar with th. maximum blada radio, of ‘act, 
age, were taken and are presented in Tables B-XXV and B-XXVI. 

fo-bl^Ti°f ° f t 5 e dSt ! 8h ° WS h ° W unevenl y the b l ad es had worn, both blade- 
“ fon : ard : to " aft * U al8 ° revealed how severe the tip rubs were. 
According to production records, the blade tip radii during the initial build- 
up were 16.589 inches for Stage 1 and 17.242 inches for St!ge 2. Therefore 

Thi R a ro r H^ tlP l08s . for Sta « e 1 was °* 025 inch; and for Stage 2, 0.020 inch. 
1' l C °St] tl0n W ! 8 f h0Wn fc ? be the raa J° r 80ur ce of engine performance loss 


noted during parts inspection. 


Four equally spaced blade tips in each stage of 451507 were notched to vari- 

™L P depth f* Durin * the analytical teardown, the notches were 

remeasured and the results are presented in Figure B-23. Photographs of the 

los's’of o 030 8 - at h t f ard r n afe 8hOW ” in FigUr " B " 24, The data 8ho " an average 
loss of 0.030 inch for Stage 1 and 0.028 inch for Stage 2, agreeing favorably 

f r0m the blade tip radii "“^ents 7 

B-XXI) Caln.1 f-J X ? VI and thC 8hroud radl1 “easurements (Tables B-XX and 
b AAi ) . Calcul ited clearances are presented in Table B-XXVII, 







































Table 3-XXV. Stage 1 HPTR Blade Tip Dimensions 









Table B-XXVI. Stage 2 HPTR Blade Tip Dimensions, 



Runout Data are in Mils and are Negative 
0 Mil Runout ■ 17.231 inches ■ Maximum Radius 

Radii are Recorded in inches. 






























Table B-XXVII. HP Turbine Blade Tip Clearances 


Stage No. 

Blueprint 

Minimum 

Maximum 

Average 

A Blueprint 

1 LE 
TE 
AVG 

0.072 

0.072 

0.072 

' 

0.087 

0.071 

0.079 

0,.\15 

0.103 

0.109 

0.099 

0.086 

0.093 

0.027 

0.014 

0.021 

2 LE 
TE 
AVG 

r~ 

0.075 

0.075 

0.075 

- 

0.075 

0.068 

0.072 

0.107 

0.100 

0.103 

0.089 

0.083 

0.086 

0.014 

0.008 

0.011 


All readings are in inches 
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A second end supplementary source of short-term HPT hardware data was obtained 
from the High Pressure Turbine Tip Notch Program. This Contractor-funded pro- 
gram is designed to evaluate HPT blade tip-to-shroud rubs and the resultant 
effect on blade lengths by use of blade tip notches as utilized on 451507. 

The notches, of varying depths, are put into selected blade tips during new 
engine assembly. Borescope inspections at test intervals permit assessment 
of blade length change due to cubs. Figures B-25 and B-26 present the Stage 
1 and Stage 2 tip notch data for a group of eight new CF6-6D engines. Note 
that ‘he average blade rubs of 22 mils (Stage 1) and 15 mils (Stage 2) agree 
well with the ESN 451507 blade tip rubs of 25 mils and 20 mils respectively, 
as determined from the average blade tip radii at teardown compared to the 
average blade tip radii at buildup. It is also of interest that the blade 
lengths appear to remain relatively constant during the first 2000 hours of 
revenue service operation. This lends credence to the theory that blade tip 
rubs are event-related, not time-related. 

Thermal Shield Seal Teeth 

the HP turbine rotor was in the runout fixture, measurements of the 
thermal shield seal teeth (see Figure B-27) were made. To accomplish this, 
a position, designated as 12 o'clock, was arbitrarily selected and marked on 
each tooth. The diameters were measured at these positions, together with 
runouts at 12 equally spaced locations relative to these positions. Data 
and results are shown in Table B-XXVIII. The results show that the average 
seal diameters are six mils smaller than the nominal shop manual value. 

HP Turbine Rotor Forward Shaft Seals 

Measurements of the HP turbine rotor forward shaft seal teeth, also shown in 
Figure B-27, were made in the same manner as those that were made for the ther- 
mal shield teeth; that is, a diameter and 12 equally spaced runouts. Tables 
B-XXIX and B-XXX show the results. Clearances between these and the station- 
ary seals were presented in Tables B-XH and B-XIII and discussed in Section 
B • 2 . 3 . 

















Table B-XXVIII. HPTR Thermal Shield Seal Teeth Measurement 


Runout Data 


Position 


12 O'clock 

1 O'clock 

2 O'clock 

3 O'clock 

4 O'clock 

5 O'clock 

6 O'clock 

7 O'clock 

8 O'clock 

9 O'clock 

10 O'clock 

11 O'clock 


12 O'clock 
Maximum 
Minimum 
Average 


Tooth Number 


Diameters 



26.621 

26.622 

26.620 

26.621 


26.462 

26.463 
26.460 
26.462 


26.297 

26.300 

26.297 

26.298 


26.043 

26.048 

26.043 

26.045 


Maximum 
Minimum 
Serv. Limit 


Shop Manual Dimensions 


26.630 

26.622 

26.615 


26.470 

26.462 

26.455 


26.308 

26.300 

26.293 


26.058 

26.050 

26.043 


Runout data are in mils and are positive, unless 
otherwise indicated. Diameters are in inches. 
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Table B-XX1X. HPTR Forward Shaft Forward Seal Teeth Measurements 
(Aft CDP Seal). 


Runout Data 


Position 

i 

2 

Tooth Number 
3 4 

5 

6 

12 O’clock 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1 O'clock 

-1.0 

-0.5 

-0.5 

-1.0 

-0.6 

-0.5 

2 O’clock 

-0.5 

-0.2 

-0.7 

0.0 

0.0 

-1.6 

3 O'clock 

0.5 

0.5 

-0.5 

0.5 

0.3 

-1.4 

4 O'clock 

0.5 

1.0 

0.0 

0.1 

0.1 

-0.2 

5 O'clock 

-0.5 

1.0 

0.4 

0.0 

0.5 

0.2 

6 O'clock 

0.0 

1.0 

0.5 

0.9 

0.6 

0.0 

7 O'clock 

0.5 

0.2 

-0.5 

1.0 

1.5 

0.1 

8 O’clock 

1.0 

2.0 

1.0 

2.0 

2.2 

1.0 

9 O'clock 

1.5 

2.0 

1.6 

1.6 

2.0 

1.3 

10 O'clock 

1.5 

1.0 

1.5 

1.6 

1.8 

1.1 

11 O'clock 

1.0 

0.5 

-0.5 

1.0 

1.2 

-0.1 


Diameters 

12 O'clock 

7.903 

8.082 

8.245 

8.405 

8.566 

8.726 

Maximum 

7.905 

8.084 

8.246 

8.407 

8.567 

8.727 

Minimum 

7.903 

8.081 

8.243 

8.404 

8.566 

8.725 

Average 

7.904 

8.083 

8.245 

8.406 

8.567 

8.726 


Shop Manual Dim< 

*nsions 


Maximum 

7.909 

8.087 

8.250 

8.410 

8.570 

8.730 

Minimum 

7.899 

8.083 

8.246 

8.406 

8.566 

8.726 

Serv. Limit 

49,896 Minimum (Sum of Seal 

Teeth Diameters) 



Runout data are in mils and are positive, unless otherwise indicated. 
Diameters are in inches. 





Table B-XXX. HPTR Forward Shaft Aft Seal Teeth Measurements 
(Balance Piston Seal). surements 


1_ 

0.0 

-1.5 

-1.5 

-1.5 

- 2.0 

0.1 

0.9 

1.8 

2.6 

2.7 

1.7 

1.0 


10.414 

10.415 

10.413 

10.414 


10.417 

10.413 


Runout Data 

Tooth Number 

- 1 3 4 

0*0 0.0 0.0 

-1.1 -0.5 -1.4 

-T«5 0.4 -2.5 

~ 1 ' 7 0.0 - 1.8 

- 1.0 - 0.6 - 1.5 

°* 4 0.6 0.3 

i-O 0.6 -3.0 

0.1 0.5 1.1 

1,0 - 1.0 - 1.6 

X * 4 -0.7 -2.6 

1-5 0.2 - 0.4 

1 ‘ 1 1.2 0.6 

Diameters 

10.585 10.743 10.903 

10.585 10.745 10.907 

10.583 10.742 10.902 

10.584 10.743 10.904 

Shop Manual Dimensions 


4 

5 

6 

0.0 

0.0 

0.0 

-1.4 

-1.5 

-1;6 

-2.5 

-2.4 

-2.0 

-1.8 

-1.8 

-3.0 

-1.5 

-1.5 

-2.6 

0.3 

0.0 

-0.7 

-3.0 

| 0.5 

-2.4 

1.1 

0.0 

-1.6 

-1.6 

-3.6 

-2.9 

-2.6 

-3.4 

-2.6 

-0.4 

0.4 

-0.5 

0.6 

0.6 

-1.0 


10.587 

10.583 


10.747 

10.743 


10.907 

10.903 


11.064 

11.064 

11.057 

11.061 


11.067 

11.063 


11.224 

11.225 
11.221 
11.223 


imit 64.898 Minimum (Sum of Seal Teeth Diameters) 

Runout „.t. are In „Us ond .re positive unU.o otherwise 
Diameters are in inches. 


11.227 

11.223 


Indicated. 
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B .4 LOW PRESSURE TURBINE SECTION 
B.4.1 TURBINE MID FRAME 
General 


A visual inspection of the turbine mid-frame (TMF) assembly showed it to be in 
excellent condition with no defects seen in any of its parts. 

TMF Forward Flange (Diameter U) 

The TMF forward flange outer diameter (Diameter U) serves as the primary con- 
trol of concentricity of the Stage 2 HPT nozzle support, affecting HPT blade- 
to-shroud clearances. Diameter U was measured at the 12/6 o'clock position, 
together with runouts of the flange in relation to the No. 5 bearing housing. 
The results were acceptable, as shown in Table B-XXXI. 


LPT Pressure Balance Seal 


An eight-diameter measurement of the stationary LPT pressure balance seal was 
obtained; the results are shown in Table B-XXXII. Average clearance with the 
rotating seal (Table B-XXXIV) was calculated to be 0.030 inch. Stackup of 
production new hardware produces a nominal clearance of 0.031 inch. 


Stage 1 LPTN Airfoil Surface Finish 

Surface finish measurements of the Stage 1 low pressure turbine nozzle air- 
foils were made on the end vanes of each of four segments. The readings were 
taken 0.45/0.50 inch from the leading edge (LE) and trailing edge (TE) on each 
side; tip readings were taken 0.45/0.50 inch below the outer platform as de- 
picted in Figure B-28. The results are grouped with the other low-pressure- 
vane data in Table B-XXXIII. 


mm 


Table B-XXXI, 


TMF Forward Flange (Diameter U) 
Measurements . 



Runout 

Data 


12 O’clock 

.000 

6 0’Clock 

.001 

1 O’clock 

.003 

7 0'Clock 

.000 

2 0'Clock 

.006 

8 0'Clock 

.001 

3 0'Clock 

.006 

9 0'Clock 

-.001 

4 0'Clock 

.006 

10 0'Clock 

-.003 

5 0'Clock 

.004 

11 O’clock 

1 

-.004 


Diameters 

12 0'Clock 

= 

38.728 

Maximum 

- 

38.734 

Minimum 

= 

38.727 

Average 

= 

38.730 

Shop Manual 

= 

38.729/38.735 Average 

All readings 

are 

in inches. 


Table B-XXXII. LPT Pressure Balance Seal 
(Stationary Measurements) 


Diameter 


19.046 
19.048 

19.047 
19.051 


Average ■ 19.053 

S/M = 19.050/19.054 Avg. 


No. 

Diameter 

5 

19.055 

6 

19.059 

7 

19.059 

8 

19.059 


Readings are in inches. 


























TYPICAL ALL STAGES 
CONCAVE/CONVEX ON END 
VANES OF SEGMENT 


Figure B-28. Location of Surface Finish Measurements on LPT Vanes 







B.4.2 LOW PRESSURE TURBINE ROTOR 


General 


Visually, the low pressure turbine (LPT) rotor assembly was in excellent con- 
dition. No FOD or other type of damage was noted on the airfoils, nor on the 
spool parts. A photograph of the rotor installed in its transportation fix- 
ture is presented in Figure B-29. 


Dimensional Inspections 

The rotor was set up in a lathe bed on the No. 6 and No. 7 bearing journals 
for radii meaurements of the blade tip shroud seal serrations, the interstage 
air seals and the pressure balance (P/B) seal teeth. The results are shown 
in Table B-XXX1V. 


LPT Rotor Airfoil Surface Finish 

After the dimensional inspections were completed, six blades from each stage 
were removed to measure the airfoil surface finish. When the initial measure- 
ments showed the finishes to be at Shop Manual quality, a reduced sample of 
blades from each stage was actually inspected; the results of these inspec- 
tions are presented in Table B-XXXV. The checks were made at the same loca- 
tions that were measured on the Stage 1 LPT nozzle vanes (see Figure B-30) . 


B.4.3 LOW PRESSURE TURBINE STATOR ASSEMBLY 
General 


The low-pressure turbine stator assembly, like most of the engine, was in ex- 
cellent condition. No defects were noted in any of the hardware. Rub pat- 
terns on the shrouds and interstage seals were normal. Castone impressions 
were made of the maximum depth rub visually observed in each stage of shrouds 
and seals from each casing half. A sketch of each is shown in Figure B-31. 

The impressions are in the files of Airline Support Engineering, Evendale, 
Ohio. An end view of the shroud and seal rubs is shown in Figure B-32. These 
rubs were shown to be insignificant. 


LP Turbine Stator Airfoil Surface Finish 

Based on surface finish results obtained for other airfoils throughout the 
engine, only a small sample of Stage 2 through 5 LPT vanes were removed to in- 
spect airfoil surface finish. These results are presented with the Strge l 
vane data in Table B-XXXIII, The inspection checks were made at the same lo- 
cations as defined for the Stage 1 vanes (see Figure B-28) . 


118 









Table B-XXXIV. LP Turbine Rotor Radii Measurements 


Blade Radii 


Forward 

Aft 

Overall 

S/M Dimensions 
(Average) 

Maximum 

Minimum 

Maximum 

Minimum 

Average 

Maximum 

Minimum 

24.137 

24.131 

24.112 

24.115 

24.118 

24.122 

24.121 

24.098 

24.106 

24.108 

24.143 

24.132 

24.113 

24.115 

24.116 

24.123 

24.119 

24.101 

24.104 

24.104 

24.131 

24.126 

24.106 

24.110 

24.112 

24.144 

24.137 

24.125 

24.135 

24.135 

24.121 

24.114 

24.102 

24.112 

24.112 


Forward 


Interstage Seal Radii 


18.200 

18.004 

16.848 

15.573 

14.214 


18. 

195 

18. 

,001 

16. 

,846 

15. 

,570 

14. 

,208 


18.007 

16.848 

15.573 

14.224 


18.005 
16.846 
15.571 
14.215 


Overall 


Stage Maximum Minimum I Maximum Minimum Average 


18.198 

18.004 

16.847 

15.572 

14.215 


S/M Dimensions 
(Average) 

| Maximum 

Minimum 

18.207 

18.015 

16.858 

15.588 

14.233 

18.199 

18.007 

16.850 

15.580 

14.225 


Pressure Balance Seal Radii 


Tooth No. Maximum Minimum Average 


— mmumm 


9.496 

9.496 

9.496 

9.496 


95 

95 


9.495 

9.495 

9.495 

9.494 


Sum of Seal Teeth Diameters = 113.938 

S/M Dimensions ** 113.934/113.946 


All readings are in inches. 





















































Table B-XXXV . LPTR Airfoil Surface Finish Inspection Results 















































SEALS 


SHROUDS 


STAGE 1 - UPPER 


. 100 " 



STAGE 2 - LOWER 


STAGE 1 - LOWER 


STAGE 2 - UPPER 


STAGE 2 - LOWER 


STAGE 3 - UPPER 


STAGE 3 - UPPER 


STAGE 3 - LOWER 


STAGE 3 - LOWER 


STAGE 4 - UPPER 


STAGE 4 - UPPER 


STAGE 4 - LOWER 


STAGE 4 - LOWER 


STAGE 5 - UPPER 


STAGE 5 - UPPER 


STAGE 5 - LOWER 


STAGE 6 - LOWER 


Figure B-31. LPTS Shroud and Interstage Seal Rub Impressions. 
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LP Turbine Stator Airfoil Surface Finish 

Based on surface finish results obtained for other airfoils throughout the 
engine, only a small sample of Stage 2 through 5 LPT vanes were removed to in 
spect airfoil surface finish. These results are presented with the Stage 1 
vane data in Table B-XXXIII. The inspection checks were made at the same lo- 
cations as defined for the Stage 1 vanes (see Figure B-28) . 
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Inherent in the system, is the assurance of conformance to the quality require - * 
ments. This includes the performance of required inspections and tests. In 
addition, the system provides change control requirements which assure that 
design changes are incorporated into manufacturing, procurement, and quality 
documentation, and into the products. 

Engine parts are inspected to documented quality plans that define the charac- 
teristics to be inspected, the gages and tools to be used, the conditions 
under which the inspection is to be performed, the samping plan, laboratory 
and special process testing, and the identification and record requirments. 


Work instructions are issued for compliance by operators, inspectors, testers, 
and mechanics. Component part manufacture provides for laboratory overview of 
all special and critical processes, including qualification and certification 
of personnel, equipment, and processes. 

When work is performed in accordance with work instructions, the operator/ 
inspector records that the work has been performed. This is accomplished by 
the operator/inspector stamping or signing the operation sequence sheet to 
signify that the operation has been peformed. 

Control of part handling, storage, and delivery is maintained through the 
entire cycle. Engines and assemblies are stored ir special dollies and 
transportation carts. Finished assembled parts are stored so as to preclude 
damage and contamination, openings are covered, lines are capped, and protec- 
tive covers are applied as required. 

A buildup record and test log is maintained for the assembly, inspection, and 
test of each major component or engine. Component and engine testing is per- 
formed according to documented test instructions, test plans, and instrumenta- 
tion plans. Test and instrumentation plans were submitted to NASA for approv- 
al prior to the testing. 

Records essential to the economical and effective operation of the Quality 
Program are maintained, reviewed, and used as a basis for action. These 
records include inspection and test results, nonconforming material findings, 
laboratory analysis, and receiving inspection. 

Nonconforming hardware is controlled by a system of material review at the 
component source. Both a Quality representative and an Engineering represen- 
tative provide the accept (use-as-is or repair) decision. Nonconformances 
are documented, including the disposition and corrective action if applicable 
to prevent recurrence. 


Calibation 


The need for product measurement is identified and the design, procurement, 
and application of measuring equipment specified at the start of the product 
cycle. Measuring devices used for product acceptance and instruments used to 
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the National Burearu of Standards. 6quenCy ’ against standards traceable to 
Items identified as "Special Instrumentation" (non-parts list or non-T.rh 
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ACTIVITY SUMMARY BY LOCATION 


PRODUCTION ASSEMBLY 


In Production Assembly, the standard engine build procedures were used 
to ensure compliance to Quality Systems. These procedures and practices are 
approved under FAA Production Certificate 108. The operating procedures uti- 
lize an Engine Assembly Build Record (EABR) and an Engine Assembly Configura- 
i°n R ecord (EACR). These documents, incorporated into an Engine Record Book, 
serve as a historical record of the compliance to the Assembly Procedure, a 
record of critical assembly dimensions, and a record of the engine configura- 
tion. Work performed is claimed by the applicable inspector or assembler. 
(Samples of the EABR and EACR cards are provided in Figures C-l and C-2 
respectively.) 


ni^- Pr0d f C ^° n Ass ? mb ]y releases the engine to Test, and upon successful com- 
pletion of the required test, performs the necessary work and inspection in 
preparation for shipment to the customer. 


PRODUCTION ENGINE TEST 


In Production Engine Test, the engine is inspected and 
per Engine Test Instruction (ETI) Number C15. 


prepared for test 


Limits and restrictions of Production Test Specifications were applied 
during the testing of engines under this contract. The safety of the test 
crew and engine is ensured by conducting ETI C-18 CF6 cell check sheets prior 
to the performance of the test. 


The engine performance data and safety parameters are recorded by auto- 
matic data recording (ADR). The data systems, test cell, thrust frame, fuel 
measuring systems, are calibrated on a periodic basis by specialized techni- 
cians. During testing, the ADR system is continually monitored by test engi- 
neers to ensure the quality of the data being recorded. 
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Assembly/Disassembly Control 
Rework Control 
Workscope Definition 
Nonconformance 
Quality Planning 
Auditing 

Instrumentation Control (Safety) 

Measuring and Test Equipment 

Engine Test 

Witnessing 

Records 

Failure Recording 


the LPT shrouds and^eala tecreaeTr hardware, photographs were taken of 

rotor, stator caa"; fan i;iet P "ide w^ "™„ l,Ud r> lPT blad «- ‘«-Pr«»or 

rotor, and HPT nozzles. These Dhotopranh’ ° DP Se ^ 1, HPT seals and shroud, HPT 
able for review. Photographs were of high quality and are aiail- 


tes't inspections diwc 5}«\ f ~ engine test, prep-to- 

as requested were witnessed by the deaig^tlT 


a E rp P «“e„1ed h r„lr r gVre°a C r" tS “ *— 4 *» tb * T « st - «.M*ly personnel 




Figure C-3 - Test Operating Requirements Document 

Figure C-4 - Prep-to-Test & Test Check-Off Sheet 

Figure C-5 - Instrumentation Check Sheet 

Figure C-6 - Inspection Check List 

Figure C-7 - Work Order Sample 

Figure C-8 - HPTR Blade Inspection Sheet 
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GENERAL ELECTRIC COMPANY 

AVIATION SIRVICE OPERATION /ONTAR 
WORK ORDER 


A* A / 

r/tfrt 

AMfNOMlKt NC 


performs; 


S.l INBOUND TEST 


PKrTvr U0 ~u- G --f-V ENCE Cr TE£-:iNG !£ RHQ'JIRHD FOR THE CF6-6 TASK III 

f', T r ~ !rk ?E C0: '^TED IN THE ASO-CNTAR-O CF6 TEST CELL 
UK COHFIGIKuHox . ° pl --' l01 ' TH "» Tffl S-OTARI CF..» .-CCtMWKl TEST COW; 

*• EIt E ?2 ?o“oo S tS:S! " S7 CELL a; ® set “ p per CFt SK0P 

2 " » AN " S CCL? K1Q ' 3UT 00 N0T ADJUST unless 

^ THE 0?EN LIM!T BY MORE THIN ONE DEGREE DUR'NG 

agScrsr^-icSS!^ is to ,E ,uaE k ' :rao,jT tk£ “**• 

3 ' enf'r^ -i - Sr - AS DEFIN - D 3V the instrumentation pun 

run .nt iA5N Hi c.\o i NEb . 

4. CONDUCT THE FOLLOWING PERFORMANCE TEST: 

a. PERFORM NORMAL PREFIRE CHECKS INCLUDING A LEAK CHECK. 

b. STAivT ENG I Nr AND STABILIZE FOR FIVE MINUTES AT GROUND IDLE. 

C ’ n?TA T oi.£— ' ~ K0 STEADY-STATE DATA POINTS AND TAKE FULL 
DATA REATi.* U ; AFTER FOUR MINUTES STA3LIZIATI0N: 


POKER SETTING 


NOTE: PERFORM FULL FUNCTIONAL TEST 


CORRECTED FAN SPEED 
76.421 (2625 rpra) 
90.111 (5093 rpn^. 


OECEL TO GROUND IDLE. AND ANALYZE THE T’.VC POINTS TO 
DETExMINS IF THE ENGINE CAN Br SAFETY OPERATED ~0 T AK r OF= 

^ limits (NZ. egt , " vsv '• . ‘also 

IS FUNCTIONING PROPERLY I-V-d-.o ,.. t 

TO T »Irv n--°--^LvJc A --- STATE rA7A r0I - ;7S ANT) TAKE TWO BACK- 
sunv^r-'"- • ''fABA'CS Aj .ER FOUR MINUTES STABILIZATION. THE 

CONTINUOUS POWER FOR A 

TAk-F ' nvR°n- : T-L* Tc ’ SE ' rT!N ' G THE FOLLOWING POINTS. 
TAkt O.NE Dai a JLL*PI\\. ALTER SIX MINUTES. 


PRODUCTION 


Figure C-3. Tost Operating Requirements Document 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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GENERAL ELECTRIC COMPANY 

IVIATION SERVICE OPERATION, ONTAP.. 
WORK ORDER 


^7\- / 

r/r/7r 


AMfNOMfNT NO 


POWER SETTING 
TAKEOFF 

MAXIMUM CONTINUOUS 
MAXIMUM CRUISE 
7SI 


CORRECTED FAN SPEED 
100. 304 (3443 rpm) 
98.704 (3588 rpm) 
95.854 (3*90 rpm) 
90.114 (3093 rpm) 


f. SHUT DOWN FOR A MINIMUM OF 30 MINUTES AND THEN REPEAT STEPS 
b AND e. 


5.2 SPECIAL INSTRUCTIONS: 


THE FOLLOWING SPECIAL INSTRUCTIONS APPLY FOR TESTING THE CF6-6D TASK III 
ENGINE: 


1. GENERAL ELECTRIC - EVEN’D ALE PERSONNEL WILL BE ON SITS AND WILL ASSURE 
DATA QUALITY BEFORE THE ENGINE CAN BE RELEASED FROM THE TEST CELL. 


OBTAIN A FUEL LHV SAMPLE BETWEEN THE DUAL -PERFORMANCE POWER CALI- 
BRATIONS. A BOMB CALORIMETER WILL BE USED TC OBTAIN* THE LHV . 


NO PERFORMANCE DATA IS TO BE TAKEN* WHEN VISIBLE PRECIPITATION EXISTS 
OR THE RELATIVE HUMIDITY EXCEEDS XXXI S 34 . 


PRESSURE TRANSDUCERS , FUEL METERS, AND THE THRUST LOAD CELL MUST 
BE WITHIN FAA. CALIBRATION LIMITS .AND THE CALIBRATIONS REX7RACEASLZ 
TO THE NATIONAL BUREAU Or STANDARDS. 


AFTER FIRST INBOUND PERFORMANCE RUN, CL LAN FAN BLADES USING MCK. 
PERFORM ANOTHER SINGLE PERFORMANCE TEST. 


RLA:mj s 


m/t-wn ir* ».»4 


PRODUCTION 


Figure C-3. Test Operating Requirements Document - Concluded 
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Figure C-5. CF6-6D t -50 Instrumentation Checklist. 



Figure C-6. CF6-6D,-50 Inspection Checklist 


GENERAL ELECTRIC COMPAR 

AVIATION SHVICI OMJUTION/ONTAf 

W ® 9 ?S=" 


K'CA- , 

r/irP'/ 

AMtNOMfNT NO ' 


REASSEMBLY 


A * tftr , a 'H inspection checks are completed, rebuild the LPT module 

per the SM . 

3- COKE ENGINE INSPECTIONS 

5« S tv SeBB2e • , cn 8^ ae .* s necessary to obtain the required data 

on the notea EMU’s. Disassembly will be perfcxned per the fallowing 

sequence of events; visually inspect- EMU's to H.M.M. 

Photographs (detailed and overall; will be taken of each sub- 
assembly prior to its disassembly, with particular emphasis on 
a *l^ riorat a ? arts » or unique condition,. 
unTC , * U * T * S * 4 V » T .\\o» ,^f 2 ,?<,/• r/.vrif 

MOTE 2: Prior to removal of the Stage L HPTN assembly, obtain drop 
fiCA 5 checks from tne aft face of the CRT outer flange to the aft 

..a Stage 1 HPTN vane outer platforms in 8 equally spaced:*,^ - ' 1 

locations. At each location, obtain djraps to .both ends of ea^Jt-- 
segment (16 incividual readings) £2 

NOTE 3; Record inspection requirements on sheets supplied by Evendale 
•Bgxn6cr . 

3. Split core engine away from fan module and route core to S/N 
Remove HPT module. 

C. Position-mark and remove Stage 2 HPTR blades. Remove f&nd 

stage nozzle. ,Jr 

D. Remove second stage nozzle, preserve the stage 2 blade retainer 
seal wire for engineering inspection. 

E ‘ ?°2£™ with v 0?e 2 lbove (drop checks). Then remove the Stage 
1 HPTN assembly. 

r. Position-mark, then remove the 4B pressure balance seal (mini - 
nozzle) . 

G. Remove the CRP. 

H. Remove the HPCS cases. 

T. Send the HPC rotor to the rotor area. 

*• HIGH PRESSURE TURBINE ROTCR (REFERENCE TI-S3-0C) 

A * th 5 r3 ' 5r » the Runout Fixture. Shim the blades oer 

tne 5M, and measure each Stage 1 and 2 blade tin at 0.1 inch 
from the leading and trailing edges as follows:’ 

A/*aC Measure and record the radius of blade No. 1 0.1 inch from 

the LE or each stage. 


MODUCnON 


Figure C-7. Example oi Work Order. 
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appendix d 

SYMBOLS AND ACRONYMS 


I O' 


\p 


A4 

A54 

AAL 

A/C 

ACEE 

ACT 

ADAS 

ALF 

ASO/O 

C-A 

C-C 

CDP 

CRF 

CSN 

CSO 

cw 

DACo 

DELT5X 

EABR 

EACR 

EC I 

EGT 

EGIM 

EMU 

EPR 

ESN 


142 


Stage 1 High Pressure Turbine Nozzle Area 
Stage 1 Low Pressure Turbine Nozzle Area 
American Airlines 
Aircraft 

Aircraft Energy Efficiency Program 
Actual 

Automatic Data Acquisition System 
Aft Looking Forward 

Aviation Service Operation/Ontario, California 
Chrome 1- A lumel (Thermocouple) 

Copper-Constantan (Thermocouple) 

Compressor Discharge Pressure 
Compressor Rear Frame 
Cycles Since New 
Cycles Since Overhaul 
Clockwise 

Douglas Aircraft Company 

Delta Exhaust Gas Temperature (Calculated- Indicated) 

Engine Assembly Build Record 

Engine Assembly Configuration Record 

Engine Compo- snt Improvement Programs 

Exhaust Gas Temperature 

Exhaust Gas Temperature Margin 

Engine Maintenance Unit 

Engine Pressure Ratio 

Engine Serial Number 


“ — 

Mai mmtim 


tt&yBamiffci 










SYMBOLS AND ACRONYMS - 


ETAC 

ETALPS 

ETAT 

FAA 

FG 

F/N 

FN at N1 

FOD 

FPCCM 

FPS 

GE 

GPM 

HP 

HPC 

HPCR 

HPCS 

HPT 

HPTN 

HPTR 

HUM 

I DR 

LE 

LHV 

LP 

LPT 

LPTN 

LPTR 

LPTS 

M/C, MCT 

MAX 

MIN 

N1 

NIK 


High Pressure Compressor Efficiency 
how Pressure System Efficiency 
High Pressure Turbine Efficiency 
Federal Aviation Administration 
Load Cell Thrust 
Fuselage Number 

Net Thrust at Constant Fan Speed 
Foreign Object Damage 

Flight Planning and Cruise Control Manual 

Feet Per Second 

General Electric Company 

Gallons Per Minute 

High Pressure 

High Pressure Compressor 

High Pressure Compressor Rotor 

High Pressure Compressor Stator 

High Pressure Turbine 

High Pressure Turbine Nozzle 

High Pressure Turbine Rotor 

Humidity 

Instrumentation Data Room 
Leading Edge 

Fuel Lower Heating Valve 

Low Pressure 

Low Pressure Turbine 

Low Pressure Turbine Nozzle 

Low Pressure Turbine Rotor 

Low Pressure Turbine Stator 

Maximum Continuous Thrust 

Maximum 

Minimum 

Fan Speed 

Fan Speed, Corrected 
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SYMBOLS AMD ACRONYMS - Continued 


N2 

Core Speed 

N2K 

Core Speed, Corrected 

NASA 

National Aeronautics and Space Administration 

N0.4B 

Number 4 Ball Bearing 

P49 

Low Pressuie Turbine Inlet Total Pressure 

PARAS 

Parasitics 

PBAR 

Barometric Pressure 

PDS 

Portable Digital Subsystem 

P/N 

Part Number 

PPH 

Pounds Per Hour 

PPS 

Pounds Per Second 

PSO 

Cell Static Pressure 

PS2 

Pan Inlet Static Pressure 

PS3 

Compressor Discharge Static Pressure 

PSF 

Pounds Per Square Foot 

PSIA 

Pounds Per Square Inch Absolute 

PSIG 

Pounds Per Square Inch Gauge 

PT2 

Fan Inlet Total Pressure 

R 2 

Coefficient of Determination 

P/O 

Runout 

RPM 

Revolutions Per Minute 

SFC 

Specific Fuel Consumption at Constant Thrust 

SGSAM 

Fuel Sample Specific Gravity 

SEE 

Standard Error of Estimate 

SI 

International System of Units (Metric) 

SL 

Sea Level 

SLS 

Sea Level Static 

SM.S/M 

Shop Manual 

S/N 

Serial Number 

SPEC 

Specification 

STA 

Station 

STG 

Stage 

T2 

Ambient Temperature 
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SYMBOLS AND ACRONYMS - Concluded 


T3 

T51 

T5X 

TC 

TE 

TF 

TFF2 

TMF 

T/0, TO 

TRF 

TSAMP 

TSN 

TSO 

VIDAR 

VSV 

WFK 

WFM 

WFV 

A 

n 

JJ inc_n AA 
0 


Compressor Discharge Total Temperature 

Indicated Exhaust Gas Temperature 

Calculated Exhaust Gas Temperature 

Thermocouple 

Trailing Edge 

Fuel Temperature 

Low Pressure Turbine Flow Function (Area) 

Turbine Mid frame 
Takeoff 

Turbine Rear Frame 
Fuel Sample Temperature 
Time Since New 
Time Since Overhaul 

Data Recording System at General Electric/Ontario 

Variable Stator Vane 

Fuel flow Corrected 

Fuel Flow, Main 

Fuel Flow, Verification 

Delta 

Efficiency 

Microinch, Arithmetic Average 
Standard Deviation 


